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Introduetion. 


The normal plates of Acanthias were undertaken in 1896, when the series was first planned by 
Professor KEIBEL. Originally the work was assumed by myself and the late Dr. ALFRED SCHAPER, who 
was at that time a member of my laboratory staff. I at once proceeded with the collection of the material, 
the making of drawings and the preparation of the serial sections. As Squalus acanthias is abundant on 
the New England coast, it is caught in large numbers by the fishermen, who are glad to bring the fish in 
for a small price, as they have no market value. It is therefore possible to obtain during the summer an 
almost unlimited supply of “candles” as the fishermen call the egg-cases, with ova in all stages of develop- 
ment from segmentation up to those with embryos of about 50 cm. in length. 

The drawings were made, with the exception of a few added later, by Dr. Epwın A. LockE of 
Boston. They are remarkable for their fidelity to the specimens and the beauty of their execution. The 
importance of the Elasmobranchs for embryological research, since the classic researches of BALFOUR, has 
steadily grown. In consideration of their importance it seemed to me be desirable to add to the series of 
side views, a certain number of dorsal and ventral views of selected stages of our type. To this extension 
of the programme the editor and publisher have generously consented. I trust that those, who use the plates, 
will welcome the additional figures. 

Dr. SCHAPER’s return to Germany in Igoo precluded his participation in the work and I found myself 
unable to complete it alone. The matter remained in abeyance until the task was assumed by Dr. SCAMMON 
in 1907. Some progress had been made with the bibliography, but he has completed it by considerable 
labor. His work on the embryos has been based entirely upon the 121 series of sections of Acanihıas 
embryos in the Harvard Embryological Collection. The series have not been made at random, but by 
a carefully followed plan — in general of each stage there are three specimens nearly ıdentical in length 
and cut respectively in the transverse, sagittal and frontal planes. 

The reconstructions of the anatomy of the pig embryo of 12.0 mm. by Professor FREDERICK T. LEwiıs, 
which have been inserted in my Laboratory Text-book of Embryology had demonstrated to us the great 
value of such pictures. Professor LEwIs urged the desirability of adding reconstructions to the normal 
plates. Dr. Scammon, despite the great amount of work involved, undertook to make them. His success in 
this laborious task will be appreciated by all who consult the present volume. As the figures were to be in 
black and white we found it necessary to study carefully all the possible devices for varying the textures, so as 
to render the various structures perfectly distinct. I think good success has been attained in solving this special 
technical problem. The pen drawings were made by Mr. W. T. OLivEr of Lynn (Massachusetts). The high 
quality of his work is shown in the figures. It seems to me that the reconstructions enhance the value of 
the normal plates so greatly, that it is to be hoped they will form an indispensable requirement hereafter. 

In conclusion it should be stated clearly that the credit and responsibility for the text and ihe 


anatomical reconstructions of this work belong entirely to Dr. SCAMMON. 


Harvard Medical School Boston, Mass., 


October 20, IgIO. 
Charles S. Minot. 
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Descriptions of the Embryos figured. 


The embryos were in most cases fixed in the corrosive-acetic acid mixture of FLEMMING, although 
a few specimens were fixed in ZENKER’s fluid, in chromo-acetic acid, and in picro-sulphuric acid. In every 
case the drawings were made from the specimens when preserved in 80°, alcohol. Figures I to 24b 
inclusive are drawn at a magnification of eight times the actual size of the specimens. The remaining 
figures, 25 to 32b inclusive, are drawn at a magnification of five. H.E.C. is an abbreviation for Harvard 


Embryological Collection. 


Fig. 1. Blastoderm, 3.0 mm. in length. Normal plate series No. ı. H.E.C. 986. Dorsal view. X 8. 


The blastoderm is elongately oval in outline and bluntly pointed at the posterior end. Its length 
is 3.0 mm. — its greatest width 1.5 mm. The disc is raised slightly above the surface of the surrounding 
yolk. The segmentation cavity causes a rounded swelling in the median line, 0.5 mm. from the posterior end. 
This swelling is approximately 0.3 mm. wide and 0.6 mm. long, with its longer axis placed at right angles 


to that of the blastoderm. 


Fig. 2. Blastoderm, 4.2 mm. in length. "Normal plate series No. 2. H.E.C. 989. Dorsal view. X 8. 


The blastoderm is broadly oval in outline, a little narrower posteriorly than anteriorly. Its greatest 
length is 4.2 mm. Its greatest width — a little anterior to the middle of the disc — is 3 mm. The segmen- 
tation cavity forms a swelling almost circular in outline and approximately 0.4 mm. in diameter. The margin 
of this swelling is best defined anteriorly. The posterior margin lies 0.4 mm. anterior to the posterior rim 


of blastoderm. The posterior margin of the blastoderm is a little thickened near the median line. 


Fig. 3. Blastoderm, 4.4 mm. in length. Embryo 0.3 mm. in length. Normal plate series No. 3. 
H.E.C. 990. Dorsal view. X 8. 


The blastoderm is broadly oval in outline. Its greatest length is 4.4 mm.; its greatest width 3 mm. 
The rim of the blastoderm is thickened around the entire circumference, but the thickening is most marked 
posteriorly. The embryo appears as a rounded thickening projecting forward in the median line 0.3 mm. 
from the posterior rim of the blastoderm. The embryonic thickening becomes narrower on either side 
of the median line and passes over, without distinct lateral boundaries, into the posterior rim of the 
blastoderm. There is a very shallow indentation, the rim notch, in the posterior edge of the embryonic 


thickening. 


Fig. 4. Embryo 1.4 mm. in length. Normal plate series No. 4. H.E.C. 983. Dorsal view. X 8. 


Only a small portion of the blastoderm immediately surrounding the embryo is shown in this figure. 


The embryo appears as a thickened plate extending forward a little over 1 mm. beyond the thickened rim 
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of the blastoderm, with which it is continuous posteriorly. The anterior end of the plate is a little expanded 

_ I mm. in breadth — and is raised above the level of the blastoderm by the growth of the archenteron 

r [ie below it. A well defined median furrow (the primitive furrow of Locy) extends forward from the shallow 


rim notch. The anterior end of the furrow lies 0.4 mm. posterior to the anterior edge of the embryonic 


plate, and is somewhat expanded. 


Fig. 5. Embryo 1.6 mm. in length. Normal plate series No. 5. H.E.C. 988. Dorsal view. X 8. 


The medullary plate extends forward 1.o mm. from the thickened posterior margin of the blastoderm. 
It is a little broader anteriorly than posteriorly, being slightly constricted where it passes over into the rim 
of the blastoderm. The edges of the medullary plate are turned a little ventrally. Its greatest breadth is 
1.o mm. The rim notch forms a shallow depression at the median line of the margin of the blastoderm. 
From the rim notch a deep median groove extends forward for three fifths the length of the medullary 
plate. The fore-gut forms a broad tongue-like process which extends forward 0.2 mm. beyond the anterior 
edge of the medullary plate. 
In comparison with the preceding embryo of 1.4 mm. the most noticeable features of this embryo 
1 are: the expansion of the anterior part of the medullary plate and the projection of the fore-gut swelling 
beyond it; and the greater differentiation between the medullary plate and the posterior margin of the 


blastoderm. 


Fig. 6. Embryo 1.8 mm. in length. Normal plate series No. 6. H.E.C. 984. Dorsal view. X 8. 


The cephalic portion of the medullary plate is somewhat expanded and is raised a little more from 

: the blastoderm than is the posterior part. The greatest breadth of the cephalic portion is 0.7 mm. The 

j edges of the medullary plate are turned a little ventrally. A deep median furrow extends along the 

posterior five sixths of the plate. It is continuous posteriorly with the broad shallow rim notch. The 

posterior rim of the blastoderm is much thickened on either side of the rim notch for a distance of I mm. 

These thickened portions project backward a little over the yolk and represent the beginning of the tail 

swellings. The archenteron forms a broad tongue-like process which projects forward o.I mm. beyond the 
I anterior edge of the medullary plate. 

As compared with the preceding embryo of 1.6 mm., this embryo shows the following differences: 

the medullary plate is longer and more slender, and the anterior part (the cephalic plate) is expanded; 


the rim notch is deeper, and the tail swellings are differentiated from the rim of the blastoderm, 


Fig. 7. Embryo 2.0 mm. in length. Normal plate series No. 7. H.E.C. 1009. Dorsal view. X 8. 


F The cephalic portion of the medullary plate is broadly spatulate in outline and its edges are turned 
a little ventrally. Its length is 0.8 mm., its greatest breadth 0.6 mm. The boundary between the cephalic 


and trunk portions of the medullary plate is distinctly marked on the left side. A deep median furrow 


extends forward from the incisura neurenterica to the middle of the cephalic plate and ends at a low 
median ridge at this point. The cephalic plate is a little depressed on either side and in front of this 
ridge. This faint depression probably represents the beginning of the optic vesicles. The trunk part of 


j the medullary plate extends backward from the cephalic expansion as a raised band 0.3 mm. in breadth. 


‚ The medullary plate becomes indistinguishable from the tail swellings posteriorly. The lateral boundaries 
ı* 
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of the archenteron are indicated on either side by a ridge on the blastoderm running outward and backward 
from the posterior margin of the cephalic plate to the point of union of the tail swellings and the margin 
of the blastoderm. 

When compared with the preceding embryo 1.8 mm. in length, the following differences are noti- 
ceable: the medullary plate is raised somewhat more above the surface of the blastoderm; the cephalic 
plate is expanded to a much greater extent and its boundary is sharply marked; the trunk portion of the 
medullary plate is longer and narrower than in the smaller embryo; the tail swellings are more clearly 
marked off from the posterior margin of the blastoderm and, by their extension backward on either side of 
the median line, form the walls of a distinct canal — the incisura neurenterica; the anterior tongue-like 


process of the archenteron is covered by the expanded medullary plate. 


Fig. 8. Embryo 2.5 mm. in length. Normal plate series No. 8. H.E.C. 1354. Dorsal view. x 8. 


The cephalic plate is broadly spatulate in outline and is sharply marked off from the trunk region 
of the medullary plate posteriorly. It is 0.9 mm. in length, broader before than behind, and has a maximum 
breadth of 0.6 mm. Its lateral edges are turned a little ventrally. The right edge is indented with four, 
the left edge with two “neuromeres” of Locy. The optic vesicles appear in the anterior part of the cephalic 
plate as a pair of depressions which are deep anteriorly and become shallower posteriorly. These depres- 
sions are separated by a distinct median ridge. The medullary folds are elevated throughout the trunk 
portion of the medullary plate. They curve outward rather abruptly on either side of the shallow incisura 
neurenterica. The tail swellings project backward 0.3 mm. beyond the posterior rim of the blastoderm. 
The lateral boundary of the posterior part of the archenteron can be traced on the right side only. It 
extends from the fifth intersegmental cleft to the point of union of the tail swelling and the margin of the 
blastoderm on that side. 

The more important changes shown by this embryo as compared with the preceding one 2.0 mm 
in length are: the great expansion of the cephalic plate and formation of definite optic vesicles; the 
elevation of the medullary folds along the entire extent of the medullary plate posterior to the cephalic 
expansion; the extension of these folds on either side of the incisura neurenterica; and the growth of the 


tail swellings. 


Fig. 9. Embryo 2.7 mm. in length. Normal plate series No. 9. H.E.C. 997. Dorsal view. X 8. 


The cephalic plate is broadly oval in outline. Its length is 1.0 mm., its greatest breadth 0.75 mm. 
The optic vesicles are confluent, forming a deep pit extending from the anterior edge nearly to the middle 
of the cephalic plate. The greatest width of the pit seen in a direct dorsal view is nearly 0.5 mm. Im- 
mediately behind the cephalic expansion the medullary plate is almost flat, but the medullary folds are 
elevated along the posterior half of the trunk part and extend outward on either side of the incisura 
neurenterica.. The median furrow is seen extending backward from the posterior edge of the optic pit. 
Posteriorly it is indistinguishable in the floor of the medullary canal. The tail swellings extend 0.4 mm. 
behind the margin of the blastoderm. They are 1.5 mm. in width at their base. The incisura neurenterica, 
when seen from above, is broadly V-shaped. It extends inward 0.3 mm. from the tips of the tail swellings. 


The lateral boundaries of the archenteron appear as faint ridges extending from the narrowest part of the 


medullary plate to the outer edge of the base of the tail swellings. 


The most noticeable advance in development of this embryo as compared with the preceding one 


of 2.5 mm. is the confluence and deepening of the optic vesicles. The formation of the medullary canal 


Pr} 
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is not so far advanced in this specimen as in the smaller one. In the larger specimen the tail swellings 


are somewhat farther differentiated from the blastodermic margin. 


Fig. 10. Embryo 3.1 mm. in length. Normal plate series No. 10. H.E.C. ıorI. Dorsal view. x 8. 


The medullary folds are elevated throughout their extent. They are curved towards the median 
line only in the posterior half of the trunk portion of the medullary plate. They are least elevated towards 
the posterior boundary of the cephalic plate. The anterior part of the cephalic expansion is turned ven- 
trally and a little to the right. The optic vesicles form a single deep depression in the cephalic expansion 
and the vesicle on the left side is seen to be a little invaginated laterally. The tail swellings project 
abruptly from the posterior rim of the blastoderm and extend backward 0.5 mm. over the yolk. 

As compared with the preceding embryo of 2.7 mm., this embryo shows the following changes: the 
optic vesicles are farther expanded; the edges of the cephalic plate are elevated; the tail swellings are 


farther differentiated from the blastoderm. 


Fig. ıı. Embryo 3.2 mm. in length. Normal plate series No. ıı. H.E.C. 978. Dorso - lateral 
view. X 8. 


The anterior third of the embryo is separated from the blastoderm. The free part is turned to the 
right and a little downward. The medullary folds in the head region are curved mesially but there is a 
large cleft between their free edges. They gradually approach and meet at the tip of the medullary tube. 
At the posterior limit of the former cephalic plate they approach each other and are in contact, although 
not fused, for a distance of 0.7 mm. behind this point. Posterior to this closed region the medullary canal 
widens until at the incisura neurenterica the folds are 0.3 mm. apart. The tail swellings project sharply 
from the rim of the blastoderm. They are 1.5 mm. in width at the base and extend backward 0.5 mm. 
over the yolk. 

As compared with the preceding embryo of 3.1 mm., the chief advance in development is in the 


more complete formation of the medullary canal. 


Fig. 12. Embryo 3.2 mm. in length. Normal plate series No. 12. H.E.C. 994. Dorsal view. X 8. 


The anterior sixth of the embryo is separated from the blastoderm and is turned a little to the left. 
The medullary folds are elevated and their edges are turned mesially throughout their extent. They are 
almost in contact just behind the anterior neuropore, and again behind the hindbrain. The optic vesicles 
are somewhat expanded laterally, although this is not well indicated in the figure. The first gill pouch is 
seen as a slight swelling on the left side of the embryo, just behind the free cephalic end. Ten pairs of 
somites are visible externally. On the left side the unsegmented axial mesoderm is seen as a distinct ridge 
extending backward 0.3 mm. beyond the last somite. The lateral boundaries of the archenteron form 
prominent ridges extending backward and outward on either side, from the sixth segment to the outer 
edges of the tail swellings. The tail swellings project backward over the yolk 0.5 mm. beyond the posterior 
rim of the blastoderm. 

This embryo is but little farther advanced than is the preceding one, which is of the same length. 
The chief evidence of farther development is the appearance of the first gill pouch in the present specimen. 


The closure of the medullary tube, as a whole, has proceeded somewhat farther, and the incisura neu- 


renterica is covered a little more by the medullary folds. 
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Fig. 13. Embryo 3.3 mm. in length. Normal plate series No. ı3. H.E.C. 980. Dorsal view. X 8. 


The head and a little of the anterior part of the trunk of the embryo are free from the blastoderm 
and are turned to the right. The posterior two thirds of the embryo are unflexed, and are seen in straight 
dorsal view. The medullary folds meet for a distance of nearly 0.5 mm. in the region of the hindbrain; 
throughout the remainder of their length they are turned mesially and are almost in contact. The incisura 
neurenterica is covered in part by the medullary folds. Eleven pairs of somites can be seen externally. 
The lateral boundaries of the archenteron appear as distinct lines passing from the last pair of somites to 
the angle formed by the tail swellings and the posterior rim of the blastoderm. The tail swellings project 
backward over the yolk for 0.5 mm. Their lateral edges meet the posterior rim of the blastoderm nearly 
at right angles. 

As compared with the preceding embryo of 3.2 mm., this embryo of 3.3 mm. shows the following 
changes; the embryo is separated a little more from the blastoderm; the medullary folds are much higher 
and have fused over a small part of the medullary canal; the archenteron is reduced in width posteriorly, 
as is indicated by the position of the ridges formed by its lateral boundaries; the tail swellings are narrower, 


longer, and they join with the blastoderm at a more acute angle. 


Fig. 14. Embryo 3.5 mm. in length. Normal plate series No. 14. H.E.C. 982. Dorsal view. X 8. 


The head and a little of the pharyngeal region are separated from the blastoderm. The medullary 
folds are in contact, or nearly so, throughout their extent, except over the incisura neurenterica and at 
the anterior neuropore. Only the posterior end of the latter opening can be seen in the figure. The right 
optic vesicle appears as a very slight protuberance from that side of the head. Just behind this, and 
separated from it by a slight depression, is a faint elevation caused by the first gill-pouch. Only nine 
pairs of somites are shown in the illustration, although fifteen pairs can be counted in the sectioned 
embryo. The incisura neurenterica is covered in part laterally by the medullary folds, but still appears 
as a deep V-shaped opening when seen from above. 

As compared with the preceding embryo of 3.3 mm., the most noticeable advances in development 
shown by this specimen are the separation of the head from the blastoderm, and the partial enclosure of 


the incisura neurenterica. 


Fig. 15. Embryo of 3.25 mm. Normal plate series No. ı5. H.E.C. 1499. Lateral view. X 8. 


The embryo lies with the left side toward the blastoderm. The head and pharyngal regions are 
raised and free from the extra-embryonic disc. The medullary folds of the head region are in contact, 
except at the anterior neuropore and over the hind-brain. The optic vesicle forms a prominent hemispherical 
protuberance from the side of the head. Posterior to the optic vesicle is a slight swelling caused by the 
first gill pouch. The anterior mesoderm forms a faint ridge continuous behind with the somite ridge and 
extending forward to the optic vesicle. Fifteen pairs of somites are visible externally. The coelom is 
dilated and its walls are semi-transparent. The medullary canal is closed throughout the trunk region, and 
the incisura neurenterica is to a large measure enclosed. 

The more noticeable points of difference between this and the preceding embryo are: the bending 
of the head and separation of the anterior part of the embryo from the blastoderm; the increase in number 
of somites from ten to fifteen pairs; and the advance in the process of closure of the medullary tube and 


incisura neurenterica. 
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Fig. 16. Embryo of 40 mm. Normal plate series No. 16. H.E.C. 930. Lateral view. X 8. 


The embryo lies with the left side toward the blastoderm. The head is bent at a little more than 
right angles to the body. The anterior fourth of the embryo is free from the blastoderm. The optic 
vesicle forms a prominent projection from the side of the fore-brain. The medullary canal is closed 
completely, except for a small neuropore. The premandibular somite forms a prominent oval swelling 
above the optic vesicle. The first and second gill pouches are indicated externally by oval swellings in 
the pharyngeal region. The first pouch is a little more prominent than the second. Seventeen somites 


are visible externally. The tail is free from the blastoderm for 0.5 mm. or one eighth of the length of 


the embryo. 
The most striking change between this and the preceding embryo is the complete closure of the 


incisura neurenterica and the separation of the tail from the posterior rim of the blastoderm. The head is 


bent at a much greater angle with the body, and the medullary folds are now fused over the hind-brain. 


The premandibular somite is much enlarged. A second gill pouch has appeared and the first gill pouch 


u 


is more prominent. 


. Fig. 17. Embryo of 3.8 mm. Normal plate series No. 17. H.E.C. 1498. Lateral view. X 8. 


The embryo lies with the right side toward the observer. The anterior two-fifths and the posterior 
one-fifth are separated from the blastoderm. The dorsal back line is a little concave. The pharyngeal 
region and tail are bent somewhat ventrally from the back. The head is bent ventrally from the pharyngeal 
region at an angle of 45°. The optic vesicle forms a prominent oval elevation, the center of which is 
slightly depressed. The otic plate is a little depressed. The mandibular somite appears as a prominent 
wedge-shaped swelling above and a little behind the optic vesicle. It can be followed down the entire 
length of the mandibular arch. The trigeminal nerve crest forms a broad plate lying dorsal to the man- 
dibular somite and the first gill cleft. The facial nerve crest forms a distinct ridge extending from the 
hind-brain to the middle of the hyoid arch. Behind the facial crest the glossopharyngeal-vagus crest 
appears as a small raised triangle over the side of the hind-brain. { 

The first and second gill slits are seen as oval thickenings, each of which is depressed centrally. 
The first gill cleft is nearly twice the length of the second. The heart appears as a rather indistinct 
straight tube Iying in front of the anterior wall of the yolk stalk. Twenty-eight somites can be counted 
externally. The Wolffian duct forms a small ridge lying below the seventh, eighth, and ninth somites. 

As compared with the preceding embryo the noticeable features are: the further separation of the 
embryo from the blastodisk; the prominence of the nerve crests and gill clefts in the head region; the 


increase in number of somites visible externally; and the appearance of the Wolffian duct. 


Fig. 18. Embryo 4.8 mm. in length. Normal plate series No. 18. H.E.C. 1398. Lateral view. X 8. 


The embryo lies with the left side towards the blastoderm. It is connected with the blastoderm for 

a little more than its middle third. There is a distinct dorsal flexure above the attached portion of the 

H embryo. The head is bent at an angle of 60° to the pharyngeal region. The tail is bent slightly ventrally. 
A very faint depression marks the line of division between the fore-brain and mid-brain. The optic vesicle 

forms an oval protuberance from the fore-brain; this protuberance is depressed centrally. The outline of 

the trigeminal nerve crest, with its thalamic and mandibular branches, can be seen above the optic vesicle. 


The facial nerve crest forms a prominent ridge extending from the dorsal zone of the hind-brain nearly to 


the base of the hyoid arch. The otic pit appears as a shallow depression posterior to the upper part of 
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this ridge. The glossopharyngeal-vagus nerve crest forms a faintly outlined triangular plate just posterior 
to the otic pit. There are distinct elongately oval plates over the first and second gill pouches. The gill 
clefts appear as narrow grooves in these plates. The ventral wall of the oesophagus and the anterior wall 
of the yolk stalk form a continuous curved line extending from the posterior end of the pharynx to the 
blastoderm. The heart appears as a faintly outlined straight tube Iying below the anterior part of this line. 
Tbirty somites are visible. The unsegmented axial mesoderm forms a ridge extending from the last somite 
nearly to the tip of the tail. A similar ridge extends forward from the first somite to the anterior edge of 
the otic pit. The Wolffian duct appears as a small ridge, 0.5 mm. in length, lying just ventral to the 
seventh to eleventh segments, inclusive. 

The more important changes in this embryo of 4.8 mm., as compared with the preceding one of 
3.8 mm., are the following: the head and tail regions have become straightened until more nearly in line 
with the trunk; a marked dorsal flexure is present; the cephalic nerve crests are more prominent and a 
shallow otic pit is present; the gill clefts are more prominent; the number of somites visible externally is 


increased by two. 


Fig. 19. Embryo 5.83 mm. in length. Normal plate series No. 19. H.E.C. 1497. Lateral view. X 8. 


The embryo lies with the right side towards the blastoderm. The connecting stalk between the 
embryo and blastoderm has an antero-posterior diameter of2.5 mm. The dorsal flexure is pronounced. The 
head is bent ventrally nearly at right angles to the trunk. The tail is bent but little ventrally. The optic 
vesicle is prominent and broadly oval in outline. There is a shallow groove separating the fore-brain from 
the hind-brain. The roof of the hind-brain is thin and translucent. The outline of the trigeminal nerve 
crest proper cannot be distinguished, but the boundaries of the thalamic and mandibular branches are 
faintly visible. The facial and glossopharyngeal nerve crests appear as prominent ridges extending from 
the dorsal zone of the hind-brain into their respective arches. The vagus crest forms an ill-defined triangular 
plate, separated anteriorly from the glossopharyngeal crest by a distinct groove. The otic pit is broadly 
oval in outline: it is deepest dorsally and anteriorly. There are three distinct gill clefts, none of which 
are broken through. The first gill cleft is almost twice the length of the third. The outline of the heart 
can be seen indistinctly through the translucent pericardium. Thirty-five or -six somites are visible externally. 
The Wolffian duct is seen as a faint ridge below the eleventh to sixteenth somites inclusive. There is a 
distinct median ridge extending around the tail. 

As compared with the preceding embryo 4.8 mm. in length, this specimen shows the following 
differences: the fore-brain and optic vesicles are more expanded; the pharyngeal region is longer and 
narrower; the third gill cleft is present; the otic pit is deeper; the glossopharyngeal crest forms a ridge 
distinct from that of the vagus crest; the dorsal flexure is more pronounced; the number of somites is 


increased by five or six. 


Figs. 20, 20a, 20b. Embryo 5.2 mm. in length. Normal plate series No. 20. H.E.C. 1355. Lateral, 


dorsal and ventral views. X 8. 


The embryo has been detached from the blastoderm, and is seen in Fig. 20 from the left side. The 
yolk stalk has an antero-posterior diameter of 1.7 mm. There is a decided dorsal flexure over the yolk 
stalk. The head is bent nearly at right angles to the body, and the tail has the stiff curve which seems 
characteristic of embryos about this age. The optic vesicles are oval in outline when seen from the side, 


and almost semicircular when seen from above or below. Above them is seen a shallow groove separating 
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the mid- and fore-brain vesicles. The mid-brain vesicle is expanded laterally. The hind-brain is a little 
dilated, as is best seen in dorsal view. The entire outline of the trigeminal crest cannot be distinguished, 
but its posterior boundary appears as a raised line passing from the dorsal zone of the hind-brain to the 
upper part of the mandibular arch. The facial-acoustic crest appears as a faintly outlined band Iying 
anterior to the otic pit and merging in the hyoid arch ventrally. The otic pit is a broadly oval depression 
with prominently raised walls. The glossopharyngeal crest forms a raised band extending from the posterior 
wall of the otic pit into the third branchial arch. The vagus crest is separated from the glossopharyngeal 


crest by a broad groove. Its ventral border is indistinct. The first and second gill slits are broken through. 


The first slit is an elongately oval, the second an almost circular opening. There is a raised oval plate 
over the third gill pouch. The mandibular arches are seen to be in contact in the oral region. The posterior 
thirds of these arches are bent so that they lie in the antero-posterior plane of the body. The outline of the 


heart is barely visible through the walls of the pericardial cavity. Thirty-five or -six pairs of somites are 


visible externally. The Wolffian duct can be seen as a narrow ridge below the eleventh to sixteenth somites 
inclusive. A distinct median ridge extends from the middle of the trunk region along the back, around the 
j tail, and for 0.8 mm. along the ventral median line. 

j Although this embryo measures 0.6 mm. less in length than the preceding one of 5.8 mm., it is 
; considerably farther developed. The chief evidences of this advance are: the more complete separation of 
j { the embryo from the blastoderm; the greater flexure of the head, and prominence of the brain vesicles; 
the breaking through of the two anterior gill slits; the deepening of the otic pit, and the farther devel- 
opment of the median fold. The difference in length is due mainly to the marked tail flexure of the 


older embryo. 


Fig. 21. Embryo 6.2 mm. in length. Normal plate series No. 21. H.E.C. 1637. Lateral view. X 8. 


The embryo is turned with the left side toward the blastoderm, to which it is attached by its middle 
third. The back line is almost straight. The mid-brain, which extends far forward, is bent at right angles 
to the line of the back and the anterior part of the head is bent downward at an angle of 30° to the mid-brain 
region. The tail is markedly flexed. The optic vesicle is almost circular, and projects prominently from 
the side of the head. At the center of the prominence the lentic plate is seen as a faintly outlined circular 
elevation. Above the optic vesicle is seen a faint arched line — the base of the mid-brain. Behind this, 
and still above the optic vesicle, is a small rounded swelling caused by the cephalic end of the mandibular 
somite. The roof of the hind-brain is semi-transparent. The opening of the otocyst is lenticular in outline. 


Two gill slits open to the pharynx. The third gill cleft is prominent, and the fourth is faintly indicated. 


The heart tube can be seen through the thin pericardial wall. Forty-four somites can be counted externally. 
There is a slight tail knob. 

1 | The more evident changes shown in this embryo, as compared to the preceding specimen figured, 
. 5.2 mm. in length, are: the absence of the dorsal flexure; the posterior flexure of the fore-brain region; the 
| more complete closure of the otocyst; the appearance of the lentic plate; the increase in number of gill 


clefts; and the increase in length, and further flexure of the tail. 


Figs. 22, 22a, 22b. Embryo 7.5 mm. in length. Normal plate series No. 22. H.E.C. 1503. Lateral, 


dorsal, and ventral views. X 8. 


The yolk stalk has an antero-posterior diameter of 1.5 mm, There is a very slight dorsal flexure 


above it. The head is bent squarely at right angles to the pharyngeal region. The fore-brain is a little 
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expanded laterally; the midbrain projects a little from the front of the head. The groove separating fore- 
and mid-brain is best seen in ventral view (Fig. 22a). The hind-brain is dilated, and its roof is semi- 
transparent. The olfactory pits appear as a pair of slight depressions lying between the optic cups and 
the lateral walls of the fore-brain swelling. The optic cup is faintly outlined; it is almost circular and 
nearly 0.5 mm. in diameter. The edges of the lentic plate are sharply outlined, and there is a distinct 
central lentic pit. The mandibular somite forms an ill-defined swelling over the optic cup. The trigeminal 
crest appears as a raised ridge along the posterior border of this swelling. The facial-acoustic crest 
appears as a faintly outlined plate, anterior to the otocyst. The otocyst is broadly oval in outline and its 
opening forms a narrow cleft extending backward and upward. The glossopharyngeal crest forms a distinct 
raised plate immediately behind the otocyst. The vagus crest is distinctly separated from the glosso- 
pharyngeal. From its dorso-posterior angle a narrow ridge, caused by the dorsal ganglionic commissure, 
extends backward above the first three somites. Five gill clefts are present — the first two open to the 
pharynx. The mouth is a narrow cleft 0.5 mm. in length and 0.1 mm. in width. Fifty-nine somites are 
distinguishable externally. The Wolffian duct extends below the twelfth to thirty-sixth segments inclusive. 
The median ridge extends backward from the first somite, around the tail, and for 1.2 mm. along the ventral 


median line. 


Figs. 23, 23a, 23b. Embryo 9.0 mm. in length. Normal plate series No. 23. H.E.C. 1495. Lateral, 
dorsal and ventral views. X 8. 

The yolk stalk has an approximate antero-posterior diameter of 2.0 mm. The back line of the 
embryo is almost straight to within 1.5 mm of the end of the tail. The tail ends in a slightly expanded 
knob. The primary head bend is a right-angled one. The forebrain is bent at an angle of 45° to the 
front of the midbrain. The optic vesicles project prominently from the sides of the head. They are 
broadly oval in outline. There is a distinct central lentic pit. The mandibular and hyoid somites are 
somewhat collapsed and the boundaries of their dorsal expansions appear as distinct raised ridges. The 
otocyst causes a prominent oval swelling over the hyoid arch. The swelling immediately behind it is 
probably caused by both the glossopharyngeal and vagus crests. The first three gill slits are open at their 
dorsal ends. The fourth and fifth slits are established but do not open to the pharynx. The mouth opening 
is elongately lenticular in outline; its length is 0.5 mm., its greatest width 0.I mm. The heart is barely 
visible through the walls of the pericardium. The ventral wall of the oesophagus, and anterior wall of 
the vitelline duct, appear as a distinct curved line above and behind the heart. The cloaca forms a very 
slight swelling on the ventral surface of the body, 1.3 mm. anterior to the tip of the tail. Sixty-three pairs 
of somites appear externally. The last of the somites is hardly distinguishable in the expanded tail-knob. 
A median fold extends from the first somite backward along the dorsal median line, around the tail, and 
forward along the ventral median line to the cloaca. 

As compared with the preceding embryo of 7.5 mm., the main changes in this embryo are: the form- 
ation of an angle of 45° between the fore-brain and mid-brain; the expansion of the fore-brain; the breaking 
through to the pharynx of the third gill cleft; the absence of the dorsal flexure; the expansion of the tail 


knob, and the increase by fourteen of the number of pairs of somites visible externally. 


Figs. 24, 24a, 24b. Embryo 11.5 mm. in length. Normal plate series No. 24. H.E.C. 206, 207, 208. 
Lateral, dorsal, and ventral views. X 5. 
These figures are of an embryo of the same length and stage of development as those used in the 


tables for the internal structure. 


Ä 
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The yolk stalk has an anterio-posterior diameter of 1.o mm. The back line is a little convex. The 
primary head bend is of 65°, the mesencephalic bend is of 45°. The fore-brain vesicle is expanded laterally 
and dorsally. In the median line, cranial to the fore-brain swelling, there is a small rounded projection 
caused by the epiphysis. The mid-brain forms a broad rounded swelling which is a little constricted at its 
base. A faint groove marks the boundary between mid-brain and hind-brain. The roof of the hind-brain is 
translucent, — through it can be seen the floor, indented by a deep median groove and five neuromeres. 
The nasal pits are a pair of grooves placed below and mesial to the eye. They are deeply invaginated at 
their cranial ends. The optic cup is almost circular. The optic cleft (fissura cupulae, FRORIEP) is faintly 
visible. The lens is almost circular in outline. The otocyst is a prominent oval swelling lying over the 
hyoid clef. The ductus endolymphaticus can be seen extending upward and backward from its dorsal 
surface. The premandibular somite appears as a low swelling lying in the angle between the floors of the 
hind- and fore-brain vesicles. Behind the premandibular somite is seen the fan-shaped expansion of the 
mandibular somite lying between the roof of the hind-brain and the eye, and extending down into the 
mandibular arch. Five gill slits are present. The first two are a little expanded at their dorsal ends. 
Three short gill filaments project from the posterior surface of the hyoid arch. The pharyngeal plate is 
sharply outlined above and below. The anterior part of the mouth, when seen in direct ventral view, is 
covered by the projection of the head. The mouth opening is diamond-shaped in outline. The mandibular 
arches are bent mesially at about their middle, at a angle of 135%. The two arches meet at the base of 
the mouth at an angle of 75°. The pericardial cavity is dilated and its walls are semitransparent. The 
pelvic fins appear as rounded ridges, approximately 2.0 mm. in length, lying immediately behind the branchial 
plate. They extend outward 0.25 mm. from the body. The median ridge is decidedly elevated along the 
middle of the back and along the ventral median line posterior to the cloaca. In the latter region it is 
2.0 mm. high. Seventy-five somites can be counted externally. The anterior somites have the shape of a 
flattened V, with the apex pointed anteriorly. The dorsal ends of the last twelve somites are directed 
decidedly anteriorly. 

There are many important differences between this and the preceding embryo of 9.0 mm. Among 
them are: the greater expansion of the fore-brain vesicle; the breaking through of the fourth gill cleft; the 
distinct boundaries of the branchial plate; the enlargement of the pericardial cavity; the widening of the 
mouth opening, and bending of the mandibular arches; the appearance of the pectoral fin folds and increased 
height of the median fin fold; the change in shape of the anterior somites, and increase in number of 


somites by nearly a fifth. 


Fig. 25. Embryo 13.0 mm. in length. Normal plate series No. 25. H.E.C. 223, 224, 226. Lateral 
VIEWED 
The yolk stalk is almost circular in cross section and nearly 0.1 mm. in diameter. The back line 
of the embryo is a little convex. The mid-brain projects forward almost as a hemisphere from the front of 
the head. The fore-brain is expanded ventrally. The caudal border of the head meets the base of the 
pharyngeal region at right angles. The epiphysis causes a slight median swelling between the fore-brain 
and mid-brain protuberances. There are five gill slits, the first four of which open to the pharynx. The 
spiracular cleft is somewhat the longer, and lies at angle of 30° to the longitudinal axis of the body. The 


pectoral fins are rounded ridges, approximately 1.o mm. in length, lying above the yolk stalk. The cloaca 


forms a distinct protuberance from the ventral surface of the body. It is impossible to count the somites. 


They have the shape of a much flattened BZ the apices of which point tailwards. A broad shallow groove 
2* 
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extends along the lateral line, from the posterior end of the branchial plate to a point midway between 
the cloaca and the tip of the tail. 
The main external differences between this embryo and the preceding one 11.5 mm. in length are: 


the greater expansion of the telencephalon and mesencephalon, and the change in shape of the somites. 


Figs. 26, 26a, 26b. Embryo 15.0 mm. in length. Normal plate series No. 26. H.E.C. 227, 228, 229. 


Lateral, dorsal, and ventral views. X 5. 


The head is bent a little ventrally from the hind-brain. The telencephalon is much expanded and 
extends forward a little over the region of the diencephalon. The epiphysis forms a small median rounded 
swelling between the telencephalon and mid-brain. The nasal pits are deep semicircular depressions on 
either side of the telencephalon. The optic cup is I.o mm. in diameter. The optic cleft is faintly visible. 
The roof of the hind-brain is semitransparent. Five gill slits open to the pharynx. The spiracular slit is 
the longest and lies almost parallel to the longitudinal axis of the body. The posterior borders of the 
first four branchial arches are prolonged a little backward over the clefts as gill flaps. Three short gill 
filaments project from each of the second, third and fourth arches. The posterior border of the branchial 
thickening is sharply defined. The mouth opening is almost as broad as long. The mandibular arches 
are bent at their middles at an angle of 90°; their bases meet at an angle of 100°. The heart cavity is 
expanded ventrally, and is a little constricted above. The anterior and posterior dorsal fins are indicated 
by elevations of the dorsal median fin fold. Each of these elevations is about I mm. in length. The 
pectoral fins lie immediately behind the branchial area or plate and over the yolk stalk. They are I.o mm. 
in length and project 0.5 mm. from the body. The posterior end of each is directed a little ventrally. 
A broad and shallow groove extends along the lateral line, from the pharyngeal region nearly to the end 
of the tail. There is a distinct groove between the ventral ends of the somites and the somatopleure below. 
The cloaca forms a prominent swelling on the ventral surface of the body, 5 mm. from the end of the tail. 

The noticeable external differences between this embryo and the preceding one 13.0 mm. in length 
are as follows: the whole head is bent a little ventrally from the body; the telencephalon and mesen- 
cephalon are considerably more expanded; the fifth gill slit is open; gill faps are developed on the four 
anterior gill arches; the dorsal fins are differentiated from the dorsal fin fold; the cloaca and the heart 


chamber are more prominent. 


Fig. 27. Embryo 18.0 mm. in length. Normal plate series No. 27. H.E.C. 203, 204, 205. Lateral 

view. X5. 

The head, from the posterior boundary of the hind-brain, is bent a little ventrally. The fore-brain 
is much expanded. The mid-brain is expanded downward as well as in front. The roof of the hind-brain 
is semitransparent. The optic cup is almost circular in outline; its greatest diameter is I.4 mm. The walls 
of the spiracular cleft are in contact. Gill filaments project from the anterior five clefts — those from the 
hyoid clefts are the longest. The anterior end of the pectoral fin is 0.5 mm. posterior to the branchial 
plate, and the main body of the fin lies posterior to the yolk stalk. The fin is approximately 2.0 mm. in 
length at its base. The elevation of the anterior dorsal fin is scarcely noticeable. The posterior dorsal fin 
is 0.5 mm. in height. 

The chief differences between this and the preceding embryo, 15.0 mm. in length, are as follows: 


the fore-brain is much more expanded and projects farther ventrally; the pelvic and posterior dorsal fins 


are larger; the gill flaps are farther developed, and the gill filaments are longer. 
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Figs. 28, 28a, 28b. Embryo 20.6 mm. in length. Normal plate series No. 28. H.E.C. 1494. Lateral, 


dorsal, and ventral views. X 5. 


The fore-brain forms a prominent squarish protuberance from the ventral side of the head. The 
mid-brain forms an almost hemispherical extension from the front of the head. The angle between the mid- 
and fore-brain swellings is 130°. The roof of the hind-brain, when viewed from above, is kite-shaped and 
semitransparent. The nasal pits lie almost in the transverse plane; their anterior and lateral angles are 
deeply invaginated. The eye is almost circular, 2.0 mm. in diameter. The lens has a diameter of 1.2 mm. 
and projects as a hemisphere from the optic cup. The ganglion and ramus ophthalmicus superficialis of 
the facial nerve form a distinct ridge above the eye. The ramus mandibularis of the trigeminal nerve and 
the ramus hyomandibularis of the facial nerve form together a small ridge extending downward in front ot 
the spiracular cleft. The spiracular cleft is approximately one half as long as the second gill cleft, and 
lies at an angle of 45° to the transverse plane of the pharyngeal region. Four short gill filaments project 
form the spiracular cleft. From the remaining clefts project a large number of gill filaments, the longest 
of which are 2.5 mm. The gill flaps are prominent: their dorsal ends project backward nearly a millimeter 
from the side of the body. The mouth opening is oval in outline; its transverse diameter is I.3 mm., the 
antero-posterior diameter is 0.8 mm. There is a slight groove separating the bases of the mandibular 
arches. Both dorsal fins are prominent. The anterior fin is 2.0 mm. long at its base and 0.5 mm. high; 
the posterior 1.2 mm. long at its base and 0.5 mm. high. The pectoral fin is turned ventrally along its 
outer border; its base is 2.0 mm. in length. The pelvic fins are low rounded folds which lie on either side 
of the cloaca and meet behind it. The caudal fin is indicated by the elevation of the dorsal and ventral 
median fin folds along the posterior 4 mm. of the tail. The somites have the flattened S-shape described 
for the preceding three embryos. The lateral line placode forms a prominent band extending from the last 
gill slit to a point above the middle of the cloaca. It ends in a knob-like elevation which is due to the 
separation of the outer layer of the skin in fixing. 

This embryo shows a considerable advance in development beyond the preceding one 18.0 mm. in 
length. The chief differences in the larger embryo are: the depression between the fore- and hind-brain 
swellings and the projection caused by the epiphysis are obscured by the increase of mesenchyma in this 
region; the spiracular cleft is shorter, both absolutely and in comparison with the other clefts; the gill 
filaments are much longer; the elevations of the dorsal fins and of the caudal fin are more definite; the 


pelvic fin is present; the lateral line placode has become apparent externally. 


Fig. 29. Embryo 24.7 mm. in length. Normal plate series No. 29. H.E.C. 1492. Lateral view. X 5. 


The fore-brain protuberance is directed a little forward. The mid-brain is almost hemispherical. 
The roof of the hind-brain is semitransparent. The cerebellum appears as a thickening of the neural tube 
between the roof of the hind-brain and the mid-brain. The nasal pit no longer appears as a groove 
invaginated at one end, but as a deep crypt, the edges of which are slightly thickened. The eye is broadly 
oval in outline. Its vertical diameter (the greater) is 2.5 mm. Long thread-like filaments extend from all 
the gill clefts; the longest 4.0 mm. in length. The dorsal fins are of about equal size, the anterior one 
being a little the longer at its base. The caudal fin is of equal height dorsally and ventrally. The outer 
edge of the pectoral fin is prolonged backward beyond the base of the fin; it ends in a sharp angle 
posteriorly. The fin rays are faintly visible. The lateral line placode forms a distinct ridge between the 


epi- and hypo-axial musculature, extending from above the last gill slit to the middle of the caudal fin. 
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This embryo is similar in general external appearance to the preceding one 20.6 mm. in length. In 
comparison with the latter, the most noticeable changes are: the change in shape of the nasal pits; the 
lengthening of the gill filaments; the extension of the pectoral fin; the extension posteriorly of the lateral 


line placode, and the broadening of the caudal fin. 


Figs. 30, 30a, 30b. Embryo 28.0 mm. in length. Normal plate series No. 30. H.E.C. 1357, 233, 221. 
Lateral view. X5. 

The fore-brain protuberance, when seen in direct ventral view, is almost square; it projects a little 
anteriorly. The dome-shaped mid-brain swelling projects forward nearly I mm. beyond the fore-brain. 
A shallow external groove marks the boundary between the mid- and hind-brain. The roof of the fourth 
ventricle is thin but not semitransparent. It is bounded dorsally by two lateral thickenings — the anlagen 
of the cerebellum. The mouth is approximately three times as broad as long — its upper boundary is 
obscured by the projection of the fore-brain swelling. The nasal pits are set at only a slight angle to the 
transverse plane of the head. On the anterior edge of each, the anterior flap of the nasal valve appears 
as a slightly thickened projection. The posterior flap forms a less well marked projection. The preoral 
canals appear as a pair of fine lines between the nasal pits, extending forward from the posterior end of 
the fore-brain swelling. At their anterior ends they separate and arch outward over the mesial edges of 
the nasal pits. Long gill filaments project from all the gill slits. The spiracular slit is less than a third 
the length of the remaining ones. The anterior and posterior dorsal fins are each about 0.6 mm. in height. 
The anterior fin is nearly 2.5 mm. in length at its base, and the posterior fin two-thirds of this length. The 
dorsal and ventral folds of the caudal fin are of equal height (0.6 mm.) and about 6 mm. in length. The 
pelvic fins are rounded projections 2 mm. in length and I mm. in breadth. The pelvic fins appear as a 
pair of rounded folds expanded posteriorly. Between their posterior ends is the elevated cloacal plate. 
The gut forms a prominent rounded ridge, extending forward some distance from the cloacal plate. 

The differences between this and the preceding embryo, 24.7 mm. in length, are not extensive. The 
chief ones are: the increased size of the fore-brain swelling and its projection forward, and the relatively 


shorter spiracular cleft. 


Fig. 31. Embryo 34.0 mm. in length. H.E.C. 363, 176, 353. Lateral view. X 5. 

The embryo has the same general shape as the preceding one, but is somewhat broader, both 
vertically and transversely, in proportion to its length. The mid-brain does not project so prominently, and 
there is no depression between the mid- and hind-brain swellings. The roof of the hind-brain is not 
distinctly outlined, as in the preceding specimen. The supra-orbital canal appears as a fine line above the 
eye. It becomes confluent ventrally with the ethmoid canal, which lies lateral to the nasal pit. The lateral 
line canal extends nearly to the end of the tail. A row of ampullae lie dorsal to it in the middle trunk 
region. The posterior and anterior dorsal fins are more rounded than in the preceding specimen and are 
much thickened at their bases. The posterior edge of each fin extends backward a little from the end of 
the base. The caudal fin is spatulate in outline. The highest part of the dorsal fold lies a little behind 
that of the ventral. 


Figs. 32, 32a, 32b. Embryo 37.0 mm. in length. N.T.S. No. 32. H.E.C. 363, 176, 353. Lateral, 
dorsal and ventral views. X 5. 


The growth of mesenchymal structures has obscured the outlines of the main divisions of the brain 


which have, up to this stage, determined the modeling of the head. From the ventral surface of the head, 
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there extends forward a short broad rostral process. This is separated from the main part of the head 
above by a shallow groove. The eye is broadly oval in outline, the vertical diameter being equal to about 
two thirds of the antero-posterior. The edges of the nasal pits are thickened and both anterior and 
posterior flaps of the nasal valves are prominent. The jaw ridges appear as prominent V-shaped elevations 
bounding the angles of the mouth. Placed laterally to each ridge is a triangular depression — the 
labial pocket. 

The main divisions of the lateral line system of the embryo can be traced by the rows of ampullae 
associated with the canals. The supra-orbital canals extend forward from above the gill slits, over and 
around the front of the orbit; there they become continuous with the ethmoid canals. Each ethmoid canal 
makes an abrupt median bend in front of the nasal pit and, extending backward, joins the postorbital canal 
lateral to the angle of the mouth. Although not shown in the figure, in another specimen of the same 
stage the angular canal arose from this juncture and extended inward around the angle of the mouth, and 
a short distance along the lower jaw. The preoral canals arise from the ethmoid canals, about midway 
between the angle of the mouth and the nasal pits; and pass mesially, making an abrupt anterior and a 
posterior bend. They nearly meet at the median line in front of the mouth. From this point, they extend 
forward, diverging laterally, and terminate midway between the nasal pits and the anterior end of the 
rostral process. The postorbital canals extend upward from their juncture with the ethmoids, and end 
by joining the supra-orbital canals behind the eye. This dorsal termination of the supra-orbital canals is 
not shown in the figure. Although no occipital canal is shown in the figure, it was present in another 
embryo of the same stage. There it formed a connection across the median line, between the supra-orbital 
canals, at the level of the third gill slit. The mandibular group of ampullae appear as a cluster of about 
twelve pits a short distance behind the angles of the mouth. The posterior infra-orbital ampullae lie in 
front of the angle of the mouth, and are bounded anteriorly by the preoral, and laterally by the ethmoid 
canals. The infra-rostral group of ampullae is represented by a few scattered pores lying below the orbit 
and lateral to the ethmoid canal. The anterior infra-orbital ampullae lie in front of the transverse limb of 
the preoral canal and posterior to the nasal pit. The hyoid ampullae occupy the upper part of the surface 
of the hyoid arch, between the spiracle and the upper part of the second gill slit. 

The anterior and posterior dorsal fins are thickened and rounded, and a small rounded knob, the 
spine, projects from the anterior end of the base of each. The caudal fin is spatulate in outline, and its 
dorsal and ventral folds are of equal height. Both pectoral and pelvic fins project backward some distance 
from their attachment to the body. The cloacal plate is elongately oval in outline, and is bounded on 
either side by a rounded ridge. These ridges fuse together in front of the cloaca, but are separated 
posteriorly by a narrow median cleft. 

As compared with the preceding stage, 34.0 mm. in length, the present specimen shows the following 
changes. The increase of mesenchyma in the head region and the development of the rostral process have 
obscured the outline of the brain, which has up to this stage determined the modeling of the head; the 
spines of the anterior and posterior dorsal fins have appeared; the lateral line system is somewhat farther 


developed. 


2 
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Tables. 
Eh oh Size Preparation Data Body Form Somites Head-Somites 
! 
H.E.C Blastoderm | Fixative: Aceto-corrosive. Blastoderm elongately oval in out- — — 
986 3.0 mm. ‚Section: Transverse, 6 u. line, raised a little above the surface 
| Stain: Alum cochineal, safranin. |of yolk. Segmentation cavity forms 
| a small swelling near posterior end. 
| 
H.E.C. | Blastoderm |Fixative: Aceto-corrosive. Blastoderm broadly oval in outline, | —_ ==> 
989 | 42 mm. Section: Sagittal, 6 u. nearly a half longer than preceding 
| | Stain: Alum cochineal, safranin. | specimen. Posterior margin a little 
thickened near median line. 
| | 
H.E.C. | Embryo |Fixative: Aceto-corrosive. Blastoderm broadly oval in outline., — | == 
990 0.3 mm. |Section: Sagittal, 6 u. But little larger than preceding stage. 
Stain: Alum carmine, safranin. | Margin thickened around entire cir- 
cumference. Embryo a rounded thick- 
ening, 0.3 mm. in length antero- 
posteriorly, on posterior rim of blasto- 
| derm. Very shallow rim notch. 
| 
| 
| | 
H.E.C. | Embryo |Fixative: Aceto-corrosive. Embryonic swelling projects forward | Mesoderm of body a pair of|Head mesoderm represented by a 
983 1.4 mm. |Section: Transverse, 6 u. ı mm. from thickened posterior rim lateral plates continuous with |thickening of dorsal wall of arch- 
Stain: Alum cochineal, safranin. | of blastoderm — a little expanded an- | the head mesoderm, narrower |enteron on either side of the noto- 
| teriorly. Shallow rim notch. Well | anteriorly than posteriorly, di- | chordal plate. 
| | defined median furrow which extends | stinctfrom entoderm posterior- 
along posterior two-thirds of swelling. | ly, confluent with it anteriorly. | 
| | 
| | | | 
H.E.C. | Embryo |Fixative: Aceto-corrosive. Embryo extends forward I.2 mm.| Apparently one intersegmental | Like preceding embryo. 
988 | 16 mm. |Section: Sagittal, 6 ». from posterior rim of blastoderm._cletft. 
| | Stain: Alum cochineal, safranin. | Medullary plate ı mm. in length. Fore- | | 
| | gut process extends forward 0.2 mm. | 
| beyond medullary plate. Shallow rim 
| notch. Deep median furrow in pos- 
| | | terior three-fifths of medullary plate. 
HE.C. | Embryo |Fixative: Aceto-corrosive. | Archenteron forms rounded process | Axial mesoderm a pair of late- | Head mesoderm continuous with 
984 1.8 mm. Bar Transverse, 6 u. projecting o.I mm. in front of medul- | ral ridges projecting from roof | archenteron anteriorly, distinct 
| Stain: Alum cochineal, safranin.  lary plate. Medullary plate divided |of archenteron. No somites. | from it posteriorly. 
| into cephalic and chordal portions. | Posteriorly the mesoderm is al- 
Broad shallow rim notch. Median | most completely separatedfrom | 
furrow in posterior five-sixths of plate. |the entoderm. | 
ı Caudal swellings differentiated from | 
posterior rim of blastoderm. 
| 
| 
| | 
| | 
H.E.C. | Embryo Fixative: Aceto-corrosive. Embryo farther raised from blasto- Four pairs of somites — the | Mandibular somite represented by 
1009 2.0 mm. |Section: Sagittal, 6 u. | derm. Anterior swelling of archen- | anterior two well separated. A |an expansion of the anterior end 
Stain: Borax carmine, Lyons |teron hidden by expansion of cephalic fifth somite forming anteriorly.|of head mesoderm. A minute 
| ibiges plate. Lateral boundaries of archen- | Smallmyocoels in anterior three | cavity in somite. Entoderm and 
| teron indicated externally by ridges. | somites. mesoderm confluent behind this 
| Deep median furrow extends forward | enlargement. 
| to middle of cephalic plate. | 
TRRr@. Embryo |Fixative: Chromo-acetic. Tail swelling more definitely marked | Nine pairs of fully formed so- A distinet cavity in mandibular 
1354 2.5 mm. |Section: Transverse, 6 y. off laterally from blastodermic rim  mites. The anterior eight pos- |somite. Head mesoderm extends 
Stain: Iron haematoxylin, than in preceding embryo. Lateral sess definite myocoels. An- alittle farther ventrally along sides 
orange G, and Sudan III. boundaries of archenteron appear as |terior somites slightly con- | of archenteron. Preoräl mesoderm 
| | distinct ridges on blastoderm, ex- |stricted ventrally. distinct from entoderm. 
| | tending from fifth pair of somites to 
| lateral boundaries of tail swellings. 
| 
H.E.C. Embryo |Fixative: Aceto-corrosive. Much as preceding embryo (No. 8), | Ten pairs ofsomites, aneleventh | Mandibular somite expanded dor- 
997 | 2.7 mm. Section: Transverse, 6 ». except for medullary plate (see brain |in process of formation pos- |sally, connected with the general 
| Stain: Borax carmine, safranin. | and cephalic nerves). teriorly. Anterior somites have mesoderm by a broad posterior 
a much greater antero-posterior stalk. Hyoid somite represented 
| diameter than posterior ones. |by a dorsal enlargement of this 
stalk. Cells of preoral mesoderm 
have an epithelial arrangement. 
HE: Embryo Fixative: Aceto-corrosive. Anterior half of cephalic part of em- | Twelve pairs of somites (coun- | Mandibular somite marked off from 
IOII 3.I mm. ‚Section: Transverse, 6 u. bryo separated from blastoderm, and | ted from sections). No myocoel | posterior mesoderm by deep groo- 
Stain: Borax carmine, safranin. | bent sharply ventrally. in two posterior pairsofsomites. | ves. Lumen enlarged. Preoral 
Mesial and lateral walls of equal | mesoderm more distinct from ento- 
thickness. derm of foregut than before. 
ErBrEI Embryo |Fixative: Aceto-corrosive. Anterior third of embryo separated Eleven or twelve pairs of so- | Much as preceding embryo (No. 10). 
978 3.2 mm. |Section: Transverse, 6 ». from blastoderm. Head turned to mites (counted from sections). 


Stain: Borax carmine, orange G. 


| 


right, and a little ventrally. Caudal 
swellings project abruptly from blasto- 
dermic rim, extending backward 


0.5 mm. over yolk. 
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U 
- \ | Hypophysis 
Notochord, Subnotochordal Rod, Axial Skeleton Ectoderm in early Stages Brain, and Cephalic Nerves and In- No. 
Ba : \ y fundibulum 
— Upper cells of blastoderm form a fairly defi- — _ I 
nite epithelial layer at the edge of disc, 
not separated from lower cells centrally. | 
Average length Io cells 37 u, breadth 22 u. 
Cells loaded with yolk granules. 
_ Ectoderm slightly thickened at posterior = 2 
end of blastodisc. Here generally 2 rows 
of nuclei, elsewhere I row of nuclei. 
_ Ectoderm lying over archenteron, much = _ 3 
thickened, containing layers of elongate 
nuclei, long axes of nuclei being directed 
dorso-ventrally. Cellwalls not distinct. 
Ectoderm thins out anteriorly. Anterior 
border of disc made up of one layer of 
cells, with rounded nuclei. Here there are 
faint cell walls. 
Notochord distinguishable along entire length of archen- | Medullary plate approximately ı mm. long, == _ 4 
teron, except extreme anterior and posterior ends, but|0.6 mm. broad, rounded semicircularly an- 
in no place clearly cut off from it. Anterior fourth | teriorly. Median groove alon posterior two 
of notochord a flat plate, slighthly marked off from re- |thirds. Groove shallow and rounded an- 
mainder of archenteron roof by shallow grooves. Pos- teriorly, becoming deeper and more angular 
teriorly, plate folded dorsally until almost semicircular | posteriorly. Epithelim contains 5rows ofnuc- 
in cross section, apex of plate pressing against ectoderm |lei at sides of plate, and 2—3 rows of nuclei 
of medullary plate. In trunk region, two rows of nuclei|in groove. Clear outer zone of cytoplasm in 
in dorsal part of notochordal plate. Posteriorly, three | cells forming floor and sides of groove. 
or more layers of nuclei much more compactly placed 
than those of archenteron. | 
Notochord still attached to archenteron throughout. Medullary plate broadiy expanded anteriorly, — _ 5 
approximately ı mm. broad and ı mm. long. 
A deep median groove in posterior three 
fourths of plate, anterior fourth almost flat. 
Epithelium 60 u. thick at lateral edge of 
plate. 
Notochordal plate extends from posterior edge of head | Medullary plate more slender and longer = = 6 
expansion backward to middle of embryo, occupying |than in preceding stage (No. 5). Elongately 
median third of dorsal roof of archenteron, curved | oval in outline, 0.7 mm. wide, I.ı mm. long. 
slightly downward, nuclei gathered at dorsal surface. In | Lateral edges extend a little outward over 
the middle of trunk region notochord distinctly sepa-|body of embryo. Rounded median groove 
rated laterally from entoderm but still forming part of | along posterior four fifths, anterior fifth al- 
archenteron roof. Here flatly oval in cross section, ven- most flat. Forsubsequent history of ectoderm 
tral ends of notochordal cells directed mesially. Pos-|see tables on brain, chord and integument. 
terior to this region notochordal plate again fused late- 
rally with entoderm, and a distinct notochordal groove 
present. Notochord distinct posteriorly to within 60 u. 
of incisura neurenterica. 
Much like preceding stage (No. 6). = Medullary plate widely expanded anteriorly to = 7 
form cephalic plate. Cephalic plate broadly 
oval in outline, 1 mm. long and a little over 
5 mm. broad. Edges of plate turned a little 
ventrally,. A shallow median groove along 
posterior three fifths of the cephalic plate. 
Notochord completely cut off from archenteron, except a Cephalic plate broadest in front, narrowing _ 8 
extreme posterior and anterior ends. Roundly oval in posteriorly. Sharply marked off from cordal 
cross section in head and pharynx region. Round in folds posteriorly. Äpproximately ı mm. long, 
cross section in trunk region. Diameter in trunk region 0.7 mm. broad, shallowly concave. Anterior end 
sou. A distinct elastica externa for greater part of length. deeply indented on either side of the median 
Nuclei of middle third of notochord, when seen in cross line by developing optic vesicles. Three neuro- 
section, are arranged as a ring with cytoplasmic core meres of Locy on left side, four on right. 
and border. — Subnotochordal rod indicated by an oc- 
casional cell on dorsal surface of archenteron, just 
below notochord. 
Notochord separate from archenteron except for ex- _ Cephalic plate less definitely marked off from _ 9 
treme anterior and posterior ends. Anteriorly it bends myelon plate posteriorly, approximately ı mm. 
ventrally and is lost in cells of preoral mesoderm. broad and long. Optic vesicles form a deep 
Greatest diameter 45 u. — Subnotochordal rod forming semicircular depression in anterior part of plate, 
as a ridge on dorsal surface of archenteron in middle ending abruptly posteriorly, slightly evaginated 
trunk region. Ridge one cell thick only, nuclei turned laterally. Medullary groove broad and shallow, 
with their long axes at right angles to longitudinal extends forward to optic vesicle. Posterior to 
axes of cells. optic vesicles, lateral edges of medullary plate 
are turned ventrally. 
_ No definite line of distinction between posterior _ 10 


Anterior end of notochord as in preceding stage (No. 9). 
Greatest diameter of notochord, in pharyngeal region, 
60 u. In tail region, notochord wedge-shaped in cross 
section, the ventral edge projecting downward toward 
archenteron cavity but separated from it by a thin band 
of entodermic cytoplasm. Nuclei in mid-trunk region 
have ring-like arrangement described for No. 8. Ento- 
derm, notochord, and mesoderm fused 25 y. anterior to 
incisura neurenterica. — Subnotochordal rod as de- 
scribed for No. 9. 


Notochord as in preceding embryo (No. 10). — Subnoto- 
chordal rod much as before, forming a low broad ridge 
in the 6th, 7th and 8th segments. 
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end of cephalic plate and myelon plate, although 
indicated at the lateral edges by a shallow 
notch. Optic vesicles much expanded laterally, 
extend backward as blind pouches for three 
sections of 6 u. Lateral edges of cephalic 
plate bent ventrally. 


A slight primary head bend. Medullary folds 
of brain region very high, their edges only 
turned a little outward. In posterior brain 
region medullary groove deeply V-shaped. 
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a“ spiel ee zz zz1!dEttterttrt 
No. | Spinal a ke ern Nerven, Eye Nose Ear Integument, Lateral Line Mouth 
I a ‚et . = 2 
2 a EN N ei u. 
3 — — — — Be — 
4 au m a == 3 er 
5 RE —— ee I == — 
6 = — _ — Transition from skin-epithelium to neur-epithelium = 

very gradual. Ectoderm at base of medullary 
plate 40 u thick, showing two layers of nuclei in 
cross section. Ectoderm over blastodisc thickly 
squamous. 
7 | Chordal portion of medullary plate — — — Ectoderm of blastodisc a little thicker than in = 
(myelon plate), .75 mm. long, .25 preceding stage (No. 6). 
mm. wide. Indented by a well 
defined median groove. 
8 "Medullary canal deeply V- or U-|Optic vesicles a pair of very shal- _ — Sharp transition between neur- and skin-ectoderm == 
shaped in cross section. Edges low depressions in anterior half of in the tail and trunk region. In the pharyngeal 
of medullary folds turned a little | cephalic plate, separated at median and cephalic regions distinction less marked. 
ventrally just posterior to cephalic |line by a low ridge. Ectoderm of tail and trunk region thickly squa- 
plate. mous, with large closely packed nuclei. In cephalic 
region epithelium 35 u to 55 u thick, with two 
rows of nuclei in cross section: ventrally, where 
it is somewhat thinner, one row of nuclei present. 
On lateral surface of pharyngeal region epithelium 
35 u thick, slightly thinner above. 
9. |Medullary canal broadly V-shaped | Optic vesicles form a single deep — — Much the same as in preceding stage (No. 8). = 
in cross section anteriorly. semicircular depression in anterior 
part of cephalic plate. A little 
evaginated laterally, ending ab- 
ruptly posteriorly. 
10 ‚Like preceding stage (No. 9). Optic vesicles expanded laterally, — — Much as preceding stage (No. 9). Cells of cephalic _ 


Medullary folds in contact an- 
teriorly for 52 sections of 6 p. 


and extending backward from pos- 
terior wall of fore-brain for three 
sections of 6 u. 


Ventral part of optic vesicles ex- 
panded laterally. 


epithelium have a clear inner zone. Epithelium 
ventral to pharynx low cuboidal. 


As preceding stage (No. 10). 
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Archenteron 


Pharynz, Thyreoid, 
Supra- 


Thymus, 


pericardial Body 


Digestive 
Tube 


Liver, 
Pancreas, 
Spleen 


Urogenital 
System 


Heart, Peri- 
cardium, 
Blood Vessels 


Extremities 


Remarks 


No. 


No invagination. 


Invagination of archenteron forms a very shallow bay 
in posterior edge of blastoderm. Epithelium of the roof 
contains four of five rows of nuclei. No definite anterior 
end of archenteron, the entodermal cells there pass 
gradually off into the indifferent cells of the blastoderm. 


Archenteron a broad shallow invagination about 0.75 mm. 
in width, extending anteriorly from the posterior border 
of the blastodisc for En one tenth its length 
(i. e. 0.2 mm.). Epithelium of roof contains 3—5 rows 
of nuclei. 


Archenteron 0.75 mm. in length (by sections). A few 
cells from anterior end and from. anterior part of lateral 
walls extend ventrally to form floor of archenteron in 
that region. 


Archenteron 0.7 mm. in length. A slight fold in an- 
terior wall indicates beginning of formation of preoral 
process. Cells in floor of archenteron have increased 
in nımber. The nuclei of the anterior part of the roof 
lie at base of cells, leaving a clear outer border. 


Preoral gut projects forward as a distinct pouch for 
6 sections of 6 u. Posterior to preoral archenteron 
almost square in cross section. Extreme anterior part 
of fore gut floored by entoderm. Posterior to this, 
en cells form narrow shelves on lateral edges 
of floor. 


Preoral gut 92 u in length, ending bluntly anteriorly. 
Archenteron floored by entodermal cells for 120 u pos- 
terior to preoral gut. Small pocket in floor of arch- 
enteron just behind foregut. 


Preoral gut 240 y. in length (by sections), pointed an- 
teriorly, broadly oval in cross section posteriorly. An- 
terior third of archenteron floored with entoderm. Late- 
ral floor shelves of entoderm extend along greater part 
of length of archenteron. 


Preoral gut widely expanded laterally. Posterior to 
foregut, archenteron triangular in cross section. Ento- 
dermal cells form floor of anterior third of archenteron, 
broad lateral floor shelves posteriorly. 


Preoral gut extends through 45 sections of 6 x. For 
further history of archenteron see tables on pharynx 
and digestive tube. 


Reconstructed. 
Fig. 1. General structure. 


Reconstructed. 
Fig, 2. General structure. 


Reconstructed. 
Figs. 3 and 4. 
structure. 
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Preparation Data 


Body Form 


! Somites 


Head-Somites 


13 


14 


15 


16 


17 


19 


HE.C. 


994 


H.E.C. 


980 


H.E.C. 


H.E.C. 


1499 


H.E.C. 


939 


H.E.C. 


1498 


H.E:C. 


1398 


H.E.C. 


1497 


Fixative: Aceto-corrosive. 


Section: Sagittal, 6 ». 
Stain: Borax carmine, orange G. 


Fixative: Aceto-corrosive. 
Section: Transverse, 6 ». 
Stain: Borax carmine, orangeG. 


Fixative: Aceto-corrosive, 
Section: Transverse, 6 x. 
Stain: Borax carmine, safranin. 


Fixative: Aceto-corrosive. 


Section: Transverse, 6 u. 


Stain: Iron haematoxylin, 
Congo red. 


Fixative: Aceto-corrosive. 
Section: Transverse, 6 u. 


Stain: Borax carmine, Lyons 
blue. 


Fixative: Aceto-corrosive. 

Section: Transverse, 8 u. 

Stain: Iron haematoxylin, 
Congo red. 


Fixative: Aceto-corrosive. 

Section: Transverse, IO u. 

Stain: Iron haematoxylin, saf- 
ranin. 


Fixative: Chromo-acetic. 

Section: Transverse, 6 y. 

Stain: Iron haematoxylin, 
Congo red. 


Anterior sixth of embryo sepa- 
rated from blastoderm, and tur- 
ned a little to the right. Caudal 
swellings as in preceding stage 
(No. II). 


Head and a little of anterior 
part of trunk of embryo sepa- 
rated from blastoderm, and tur- 
ned to the right. Caudal:swel- 
lings longer and narrower than 
in preceding embryos (Nos. II 
and 12). 


Head and a little of trunk of 
embryo separated from blasto- 
derm. Head bent ventrally. 


Head and pharyngeal region 
separated from blastoderm. 
Head bent ventrally at right 
angles to pharyngeal region. 
Incisura neurenterica sharply 
marked. 


Anterior fourth and posterior 
eighth of embryo separated 
from blastoderm. Head bent 
ventrally at a little more than 
right angles to pharyngeal re- 
gion. Incisura neurenterica com- 
pletely enclosed. 


Anterior two-fifths and pos- 
terior one-fifth of embryo sepa- 
rated from blastoderm. Pharyn- 
geal region bent a little ven- 
trally from trunk. Head bent 
ventrally at an angle of 60° to 
pharyngeal region. 


Embryo connected with blasto- 
derm by a little more than its 
middle third. Tail and pharyn- 
geal regions bent a little ven- 
trally from trunk. Head bent 
ventrally at an angle of 60° to 
pharyngeal region. 


Embryo attached to blasto- 
derm for two-fifths of its length. 
A decided dorsal flexure over 
attachment. Head bent nearly 
at right angles to dorsal line 
of pharynx. Tail bent a little 


ventrally to trunk. Slight en- 
largement of tail knob. 


Thirteen pairs of somites (counted from 
sections), fourteenth forming posteriorly. 


Fifteen pairs of somites (counted from 
sections). Vertical diameter of anterior 
somites greater than in preceding stage. 
Mesial walls of anterior two or three pairs 
of somites thicker than lateral. 


Sixteen pairs of somites, seventeenth for- 
ming posteriorly. Last inter-somatic cleft 
lies approximately 200 u. anterior to incisura 
neurenterica. 


Fifteen pairs of somites. A very slight 
outpouching of lower half of mesial wall 
of somites in anterior trunk region to form 
sclerotome. Dorsal to this outpouching, 
mesial wall thickened, obliterating upper 
part: of myocoel. 


Nineteen pairs of somites (counted from 
sections). In cardiac region, sclerotomic 
bud expanded mesially until in contact with 
notochord. Distinct line of differentiation 
between dorsal boundary of sclerotomic 
bund and myotome. 


Twenty-five or twenty-six pairs of somites 
(by 'sections), Segmented mesoderm ex- 
tends to cloaca. No myocoel in posterior six 
pairsof somites. In posterior oesophageal 
and cardiac regions, somites possess definite 
solid sclerotomes, which may extend dorsally 
nearly to dorsal surface of notochord. Myo- 
coel obliterated in dorsal half ofthese somi- 
tes. Inanterior yolk stalk region, sclerotomes 
represented by outpoutchings of the lower 
half of the mesial wall of somites. In pos- 
terioryolk stalk and trunk regions, no trace 
of formation of sclerotome, — mesial and 
lateral walls of somites of equal thickness. 


Twenty-six or twenty-seven pairs of somites 
(counted from sections). Anterior somites 
well differentiated in sclerotome, myotome. 
and dermatome. Anterior to middle of 
trunk, scierotome differentiated and myo- 
tome thicker than dermatome. Cells of 
myotomes of anterior ten somites elongated 
until nearly filling myocoel. Sclerotomes 
becoming slightly mesenchymous. In five 
anterior somites, sclerotome extends upward 
to dorsal surface of notochörd. 


Thirty-three somites (counted from sections). 
Segmented mesoderm extends as far as pos- 
terior boundary of cloaca. In cardiac and 
in anterior half of yolk stalk region, sclero- 
tomes mesenchymous. 


Mandibular somite separated 
from posterior mesoderm dor- 
sally, broadly connected ven- 
trally. A small lumen in hyoid 
somite. 


Mandibular somite completely 
cut ‚off dorsally from the pos- 
terior mesoderm, much dilated 
anteriorly, compressed pos- 
teriorly. Hyoid somite broadly 
connected with the posterior 
mesoderm. 


Mandibular somite consists of a 
greatly dilated anterior portion 
and a flattened ventral process 
which is attached to the general 
mesoderm by a narow stalk. 
Hyoid somite somewhat dilated, 
but still connected posteriorly 
and ventrally with the general 
mesoderm. 


Mandibular somite connected 
with hyoid somite by a few 
cellular strands. 


Anterior end of mandibular 
somite much expanded. Vertical 
diameter of stalk connecting it 
with general mesoderm is one 
third that of somite. Small 
cavity in hyoid somite. Hyoid 
somite separated from mandi- 
bularbynarrow .cleft. Connected 
with general mesoderm by two 
bands ofmesoderm, one passing 
down second gill arch and one 
over second gill pouch. 


Mesial walls of mandibular 
somites much thickened, slightly 
mesenchymal. A cellular bridge 
connects the two somites just in 
{rontofnotochord. Hyoidsomite 
connected with the mandibular 
somite for one section (6 &) on 
the left and two sections on the 
right side. Anterior somite a 
distinct solid process extending 
dorsally and laterally from pre- 
oral mesoderm. 


Mesial part of premandibular 
somite attached to floor of pre- 
oral gut. A small cavity in each 
lateral enlargement of the 
somite. Lateral walls of en- 
largements epithelial. Three ir- 
regular cavities in median stalk, 
just below end of notochord. 
Stalk of mandibular cavity 
elongated as compared with 
preceding embryo (No. 16), its 
vertical diameter approximately 
one-fourth that of expanded 
anterior portion. 
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Normal Plates of the Development of Squalus acanthias. 
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"Notochord, Subnotochordal Rod, 
Axial Skeleton 


Ectoderm 
in early 
Stages 


Brain, and Cephalic Nerves 


Hypophysis 
and Infundi- 
bulnm 


Spinal Cord, Spinal Nerves, 
Sympathetic 


8 


Anterior end of notochord as in 
preceding stages (Nos. 9, IO and 
ır). Greatest diameter, in anterior 
trunk region, 60 ». 


Anterior tip of notochord bent 
sharply downward. In pharyngeal 
and anterior trunk region, broadly 
oval,transverse diameter being the 
greater. In tail region, the greater 
diameter is vertical. Nuclei ar- 
ranged in ring form from level of 
the first pharyngeal pouch to ninth 
segment. — Subnotochordal rod a 
flattened ridge on roof of archen- 
teron in the middle trunk region. 


Anterior tip of notochord turned 
ventrally at an angle of approxi- 
mately 130°. Shape as described 
in preceding embryo. Greatest dia- 
meter in trunk region 60 u; in 
head region 40 u. — Subnoto- 
chordal rod as described for pre- 
ceding embryo (No. 13). 


Notochord almost round in cross 
section; of the same diameter as 
in preceding stage (No. 14). — Sub- 
notochordal rod much as in pre- 
ceding stages (Nos. ı2 and 13). 
Ridge best marked at level of 
seventh segment. 


Anterior end of notochord turned 
ventrally at an angle of nearly 90°. 
Tip almost separated from preoral 
mesoderm. In head region, noto- 
chord 40 u» in diameter; in trunk 
region 70 «in diameter. Nuclei are 
arranged in ring throughout trunk 
region. — Subnotochord rod ex- 
tends from first pharyngeal pouch 
nearly to tail. Posterior to the 
second pharyngeal pouch it forms a 
ridge 15 to 20 u in height. Detached 
from roof of archenteron for a few 
sections in anterior trunk region. 


Anterior end of notochord slightly 
recurved. In anterior trunk region, 
nuclei form a dense central cluster. 
In posterior trunk region, nuclei 
arranged in central ring. In region 
ofcloaca and backward, notochord 
again cellular. Diameter of noto- 
chord in trunk region 90 y. — Sub- 
notochordal rod detached from 
gut in trunk region. 


Anteriorend ofnotochord bent ven- 
trally, not recurved. Extreme ven- 
tral end attached to dorsal surface 
ofpremandibular somite. Diameter 
ofnotochordinlargestpart(anterior 
trunk region) go u. Nuclei gathered 
in central cluster from second gill 
pouch backward to eighteenth seg- 
ment,arranged inringform from this 
point backward to cloaca. — Sub- 
notochordalrod appears as median 
ridge on roof of pharynx at level 
of Janterior edge of facial nerve, 
completely separated from gut from 
heart region backward nearly to 


cloaca. Three distinct ventral pro-. 


cesses along free portion of rod. 


Anterior end of notochord fused 
with median portion of premandi- 
bular cavity. Nuclei approximately 
as in preceding stage (No. 18). — 
Subnotochordal rod attached to 
dorsal wall of pharynx from above 
first gill slit to middle of oeso- 
phagus. In some sections cells ar- 
ranged as about a lumen. 


Medullary folds of cephalic region bent strongly mesially. They have 
met and fused for 30 . at anterior tip of head. 


Medullary folds fused at anterior (ventral) end of fore-brain. They almost 
meet over mid-brain. Mid-brain vesicle expanded a little laterally. In 
hind-brain region, edges of medullary folds turned laterally. Medullary 
canal widest ventrally in hind-brain region. — A very slight proliferation 
of cells for 130 u at the skin and neur-ectoderm junction in hind-brain 
region. Proliferation shows two to four cells in cross section. Hind- 
brain still open in this region. 


Medullary folds almost in contact throughout brain region — fused over mid- 
brain and at the anterior (ventral) end of fore-brain. Deep recessus post- 
opticus. Mid-brain a little expanded laterally. Medullary canal in hind- 
brain region widest ventrally. — Distinct neural crest extending for 300 u 
(by sections) along hind- and mid-brain. Crest extends downward over 
dorsal fourth of neural tube. Ventral border irregular. A slight division 
into middle and hind cephalic crest(?). 


Anterior (ventral) part of fore-brain region closed, but skin änd neur- 
ectoderm still in contact. Medullary folds almost meet throughout re- 
mainder of brain region, except over anterior end of hind-brain where 


they are turned a little outward. Mid-brain vesicle dilatated laterally. In | 


hind-brain region, floor and sides of medullary groove of equal thickness, 
— Neural crest extends from a little behind closed portion of neuropore 
to middle part of hind-brain, showing generally five to eight cells in 
cross section. 


Fore-, mid- and hind-brain vesicles separated by shallow grooves on ex- 
ternal surface. Small anterior neuropore; skin and neur-ectoderm fused 
at median line anterior and posterior to it. Deep recessus postopticus. 
Roof of anterior end of hind brain composed of a single layer of columnar 
cells. Ventral and dorsal thirds of canal in hind-brain expanded laterally. 
— Cephalic crest divided into an anterior trigeminal-facial portion and 
a posterior glossopharyngeal-vagus portion. Trigeminal-facial crest ex- 
tends forward nearly to anterior neuropore. A smal process from the 
crest, posterior to optic vesicle, represents thalamic nerve? Two small 
interruptions in posterior part of trigeminal-facial crest indicate line of 
division between trigeminal and facial portions. Glossopharyngeal-vagus 
crest triangular in shape. No division into separate nerve anlagen. 


Anterior neuropore completely closed. Skin- and neur-ectoderm fused at 
median line, in region of neuropore, for I50 u. (by sections). Roof of hind- 
brain, anterior to otic plate, thin and expanded: at median line composed 
of a single layer of cells. — Trigeminal crest a .broad sheet of cells, 
attached to roof of anterior end of hind-brain by a broad dorsal process, 
urtrochlearis. Posteriorly, attached to dorsal third of hind-brain. Extends 
ventrally nearly to base of mandibular arch. Thalamic-ophthalmic process 
from roof of mid-brain to anterior border of crest. Facial acoustic crest 
extends ventrally to level of aorta. Glossopharyngeal and vagus crests 
separated; former extending over dorsal half of neural tube, latter in- 
dicated by a few cells only in 6 sections of 6 u. 


Cranio-caudal axis of fore-brain much increased as compared with preceding 
stage. Anterior neuropore completely closed. Skin and neur-ectoderm 
fused in median line for a distance of 80 u (by sections) at this point. 
Roof of hind-brain, anterior to otocyst, expanded; at median line com- 
posed of a single layer of cells. Ventricle greatly expanded dorsally; re- 
duced in middle third, by thickening of lateral walls, to a narrow slit; a 
little enlarged ventrally. In otic region, brain almost oblong in cross 
section; transverse diameter half of vertical. Dorsal and ventral expansions 
of canal of equal size. — Thalamic crest and ophthalmic portion of tri- 
geminal crest form a broad cellular band, lying dorsal to optic vesicle, 


Trigeminal and urtrochlear crests broadly connected. Acoustic portion of| 


facial acoustic crest attached to epithelium of otic pit. Facial portion 
enlarged at level of dorsal aorta, extends down dorsal third of hyoid arch. 
Glossopharyngeal crest extends nearly to base of hind-brain. Vagus crest 
completely separated from glossopharyngeal, 250 x in length (by sections). 
Extends anteriorly over dorsal two-thirds of medullary tube, gradually 
becoming narrower posteriorly. 

Skin- and neur-ectoderm fused for 48 u (by sections) along median line in 
position of neuropore. Transverse diameter of anterior end of hind-brain 
greater than vertical. Ventral expansion of ventricle from otocyst backward. 
= Thalamic and urtrochlear crests attached to trigeminal by narrow strands 
of cells. Vagus crest separated from glossopharyngeal: extends ventrally 
below dorsal wall of oesophagus. 


Differs but little from preceding | 


embryo (No. Ir). 


Medullary canal closed for 
120 u (by sections) in middle 
trunk region. Anterior to closed 
region folds are almost in con- 
tact. Posterior to closed region 
canal deeply U-shaped in cross 
section. Folds are beginning 
to extend dorsally over incisura 
neurenterica. 


Medullary folds in contact along 
most of the length of canal, 
fused over anterior two-thirds 
of it. Incisura neurenterica 
widely open. 


Cordal portion of medullary 
canal closed, except for ISO. (by 
sections) posteriorly; here there 


is still a narrow dorsal cleft. In- | 


cisura neurenterica still open, 
but very deep, its folds approach- 
ing dorsally. Cord broadly oval 
in cross section; in anterior 
part vertical diameter greater 
posteriorly, transverse diameter 
greater. Lateral walls a little 
thicker than roof or floor. 


Diameter of cord in anterior 


trunk region twice that in tail 
region. Vertical diametergreater 
in anterior trunk region, trans- 
verse diameter greater poS- 
teriorly. Neurenteric canal com- 
pletely enclosed. 


Much like 
(No. 16). 


preceding 


Vertical diameter of cord great- 
est throughout. Lumen elon- 
gately oval in anterior trunk 
region, becoming almost circu- 
lar posteriorly, larger dorsally 
than ventrally throughoutgreat- 
er part of trunk region. Late- 
ral walls thicker than roof or 
floor throughout. 


In cardiac and anterior trunk re- 
gion, transverse diameter of 
cord two-thirds of vertical. Late- 
ral walls almost in contact. In 
posterior trunk region, cord 
ovateincrosssection — broadest 
dorsally; transverse diameter 
almost equalto vertical;. ventral 
half of canal reduced to a nar- 
row slit. In tail region, cord 
almost circular. Canal almost 


circular, and dilated anterior to 
neurenteric canal. Neural crest 
extends posteriorly to thirteenth 


segment. 


| 


| 


stage | 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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13 


14 


15 


16 


17 


18 
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| 


No. | 


Nose 


Ear 


Integument, Lateral Line 


Mouth 


Arch- 
enteron 


Pharynx, Thyreoid, Thymus, 
Suprapericardial Body 


12 |As preceding stage (No. 
rs 


| 
| 


13 ‚As preceding 


stages 
(Nos. II and 12). 


14 | Optic vesicles extendpos- 
teriorly 40 u (by sections) 
from fore-brain. Expan- 
ded laterally, dorsal walls 
extending outward nearly 
at right angles to walls 
of fore-brain. 


15 |Like preceding 
(No. 14). 


stage 


16. | Optic vesicles broadly 
expanded anteriorly and 
dorsally. 


17 |Optic vesicles extend for- 
ward 32 u. (by sections) 
from attachment to fore- 
brain. Anterior half of 
dorsal wall slightly over- 
laps fore-brain. 


18 | Optic vesicles decidediy 
expanded anteriorly and 
dorsally. Optic stalk nar- 
rower than vesicle — pos- 
terior wall of stalk pro- 
jects at right angles from 
fore-brain. 


ı9 |Ectoderm slightly thick- 
ened, forming a lentic 
plate over optic vesicles. 
Optic vesicles much ex- 
panded dorsally and cra- 
nially. Lateral surface of 
vesicles flatly concave, 
Optic stalks one-third as 
long, and one-half as 
wide as vesicles. 


Nasal placodes 
a pair ofdistinct 
thickenings of 
epithelium 
lying on either 
side of the 
closed ventral 
(anterior) end of 
neuropore, and 
ventral to the 
optic vesicles. 


Like preceding 
stage (No. 18). 


Ectoderm a little thickened on 
either side of medullary tube 
Just posterior to first gill pouch. 
15 „u. in thickest part. 


Thickening of otic placode lies 
over second gill pouch. A little 
more differentiated from skin 
ectoderm than in preceding 
stage. Greatest thickness 35 u. 


Unchanged from preceding 
stage (No. 15). 


Anterior part of otic placode 
very slightly depressed. 45 u in 
thickness in thickest part. 
Sharply differentiated from skin- 
ectoderm dorsally, other bor- 
ders not sharply marked off. 
Resting nuclei lie in inner part 
of epithelium, leaving a broad 
clear outer zone in which are 
many mitoses. Cells of auditory 
crest fused with ventral part 
of placode. 


A distinct though shallow de- 
pression in anterior and dorsal 
part of otic placode. Epithelium 
of placode thickest dorsally. 
Greatest thickness 80—85 u. 


Deep otic pit in anterior part 
of placode. Anterior wall of 
pit turned inward at right 
angles to skin-ectoderm. Edge 
of anterior part of dorsal wall 
slightly overhanging. Ventral 
and posterior edges pass gra- 
dually over into skin-ectoderm. 


As preceding stages (Nos. Io 
and II). 


Epithelium in tail and trunk 
region IO u thick, nuclei spheri- 
cal and closely packed. In an- 
terior pharyngeal region the 
lateral thickening, described for 
No. 8, extends from a little 
below roof of gut to dorso- 
median line above, 35 y. thick, 
two rows of nuclei. 


As in preceding stage (No. 13), 
except that lateral thickening 
is more definitely outlined. The 
dorsal and anterior portion of 
thickening becoming differen- 
tiated into otic plate. (See ear.) 


Like preceding stage (No. 14). 
(See nose and ear for special 
thickenings.) 


Skin-ectoderm not over I8 u. 
thick in cephalic region except 
around neuropore and where 
sense organs are developing. 
Ectoderm is somewhat thick- 
ened on either side of pharynx. 
This thickening extends pos- 
teriorly as far as anterior part 
of yolk stalk. For epithelium 
ofmedian ridge, see extremities. 


Ectoderm in pharyngeal region 
forms a fairly definite plate 
15—30 u. thick. Cells in this 
region distinct, columnar, with 
elongate nuclei. In posterior 
part of trunk, where still con- 
tinuous with the blastodisc, 
epithelium extremely flattened, 
with elongate flattened nuclei. 


The portion of lateral placode 
not involved in formation of 
otic plate, has become in- 
distinguishable from surround- 
ing epithelium. Otherwise, in- 
tegument as in preceding stage 
(No. 17). 


Epithelium over hind-brain very 
much flattened. Epithelium of 
cephalic region about same 
thickness as that over body. 


Epithelium 
thickened to 
form oral 
plate. Incon- 
tact with 
floor of 
pharynx pos- 
teriorly. 


As pre- 
ceding stage 
(No. 16). 


Oral plate 
slightly de- 
ressed. 
ctoderm 
and ento- 
derm fused: 


As pre- 
ceding stage 
(No. 18). 


Position of first gill pouch in- 
dicated by a slight lateral en- 
largement of pharynx. 


First gill pouch distinct. 


Fore gut approximately 0.3 mm. 
in length. First gill pouch 
distinct. 


Pharynx 325 u in length (by 
sections). Preoral gut extends 
30 u. anterior to pharynx proper, 
opens into pharynx floor 20 u. 
behind anterior wall. First gill 
pouch well established. Second 
gill pouch a shallow groove, 
present on right side only. 


Pharynx slightly larger an- 
teriorly than posteriorly. Two 
gill pouches; first pouch in con- 
tact with ectoderm for over 
half its length; second pouch 
in contact with ectoderm for 
short distance in its middle part. 


Ectoderm and entoderm in con- 
tact over greater part of first 
pouch; fused at cephalic end. 
Cleft of first slit distinctly mar- 
ked externally. Ectoderm and 
entoderm in contact oversecond 
pouch, but not fused. Thyreoid 
ashallow ventral groove in floor 
of posterior-part of pharynx. 


Pharynx expanded anteriorly; 
ectoderm and entoderm fused 
over first gill pouch for one 
half its length. Entoderm of 
second pouch in contact with 
ectoderm for a short distance. 
Thyreoid a distinct pouch from 
floor of pharynx. 


First two gill pouches well de- 
fined, third pouch indicated 
dorsally. Ectoderm and ento- 
derm over first two fused; in 
contact over third pouch. Walls 
of thyreoid sac in contact. 
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Normal Plates of the Development of Squalus acanthias. 23 
Liver, Urogenital 
Digestive Tube ee Sem Heart, Pericardium, Blood Vessels Extremities Remarks|No. 
pleen 
= — — = = — 12 
Gut anteriorly triangular in cross — — _ — — 13 
section, twice as high as broad; 
walls much thickened dorsally 
(45 u). Posteriorly, gut rapidly flatt- | 
tens as it approaches rim of blasto- 
disc. Walls of equal thickness 
(30 u), dorsally and ventrally. 
Gut anteriorly broadly triangular — — — = Recon- | 14 
in cross section; posteriorly, walls structed 
spread out until almost flat. Figs. 5 | 
and 6. 
General 
structure. 
| 
Anteriorly, gut higher and nar- = = _ _ — |B 
rower than in preceding stage. 
Floored with entoderm an- 
teriorly for 200 4 (by sections). | 
H 
Oesophagus approximately 0.Imm. = er Endothelial tube of heart indicated by two strands of cells lying | Ectoderm formsa | Recon- | 16 
in length (by sections). Nearly on either side of ventral part of pharynx. In some sections vas- |narrow thickened | structed | 
three times as high as broad. An- cular cells arranged as about a lumen. Ventral ends of lateral| plate along the | Fig. 7. | 
tero-posterior diameter of yolk plates of mesoderm turned mesially, and enclose in part the |median dorsal line General | 
stalk 2 mm. Hind gut 0.25 mm. vascular cells of this region. — Irregular, often interrupted, cords | of the trunk and |structure., 
in length. Twice as high as broad; of vascular cells represent first aortic arch and aortaein pharyngeal tail. In middle | Fig. 17. 
expanded dorsally. region. A few cells on either side of subnotal rod in middle trunk | trunk region it is Hd 
region represent a second segment of aortae. Anlage of ventral| elevated, forming | somites. 
aorta not connected with that of first aortic arch? Vitelline veins | a median fold 23 u | 
small, irregular, often collapsed. Can be traced backward onlya;, high. No mes- | 
few sections from heart, Left vitelline vein larger and more |enchyma between | 
distinct than right. dorsal surface of | 
neural tube and | 
ectoderm. | 
Oesophagus two thirds as broad Ei Three solid pro- | Anterior part of primitive coelom somewhat dilated to form peri- Median fold ex- — 4 
as high. Lateral walls 60 u in nephric anlagen | Cardial cavity. Endothelial tube of heart bifurcated behind, simple| tends over a | 
thickness. Antero-posterior dia- projecting from straight tube anteriorly. Mesothelial layer of heart connected with | greather length of | 
meter of yolk stalk 2 mm. Hind 7th, 8th and gth splanchnic mesoderm above by a broad dorsal mesocardium, below | trunk region than | 
gut 0.3 mm. in length; lateral segments. Wolffian |by a narrow ventral mesocardium which is interrupted for three |in preceding em- | 
walls and roof muck thicker than duct a solid cord | or four sections in middle heart region. — Ventral aortae, first, bryo. Greatest | 
floor. of cells attached to |aortic arch, dorsal aortae, and anterior ends of vitelline veins re- height3o,. Median 
first, second, and presented by cords of vascular cells, which are generally continuous thickening extends 
anterior part of and in some places arranged as though about a lumen. Cells of to end of tail. Ecto- 
third pronephritic dorsal aortae extend posteriorly to middle of trunk. derm thickened 
anlagen; does not jalong median ven- 
extend posterior to tral line of tail. | 
gth segment. 
Oesophagus very much flattened — Pronephric an- |Heart 0.25 mm. in length (by sections). Ventral mesocardium en- Median fold ex- | Recon- | 18 
laterally ; in narrowest portion lagen solid, present tirely broken down. Dorsal mesocardium continuous length of tends around tail | structed. 
twice as high as broad; lateral on 7th, 8th and gth heart, but very thin over middle of heart tube. Posteriorly, heart and for I2o u. (by, Fig. 8. 
walls almost in contact. Gut ex- segments, and just distinctly dilated on the right side. Endothelial tube bifurcated | sections) along | General 
panded laterally just in front of forming on Iöth in posterior part of heart. — Ventral aortae and first aortic arch ventral line. |[structure.| 
cloacal region. Ectoderm and ento- segment on left |thin-walled tubes. Dorsal aortae extremely irregular in calibre, Fig. 18. 
derm in contact for 30 u (by side. Wolffian duct |apparently solid in places, extend along the anterior two thirds Head 
sections) on ventral surface of solid,sickle-shaped of trunk. Fused to form a single vessel over anterior part of yolk somites. 
cloaca. Neurenteric canal widely in cross section an- stalk. A small enlargement and division of dorsal aorta on left | 
open. teriorly, circular |side, over second gill pouch, represents beginning of second | 
posteriorly; ex- |aortic arch? — Vena capitis medialis represented by a small | 
tends through 26 median vessel from anterior end of aorta. Right and left vitelline 
sections of 6 u. | veins can be traced from heart to blastoderm. Left vitelline vein 
Fused with ecto- |the larger. Scattered vascular cells, representing subintestinal 
derm forlasttwo or | veins, extend backward on either side of gut nearly to cloaca. 
three sections. Continuous with vitelline veins anteriorly ? 
Oesophagus approximately twice |Liver a shal- | Solid pronephric | Heart somewhat expanded ascompared with preceding stage (No. 18). Like preceding == 19 
as high as broad. Antero-posterior lowpouch,s6,.J anlagen from 7th | Middle half of dorsal mesocardium broken through. Posterior fourth | stage (No. 18). | 
diameter of vitelline duct I30 x (by [in length (by | to Iıth segments | ofendothelial tube of heart bifurcated. — Dorsal aorta extends back- | 
sections). Intestine approximately | sections) in inclusive. Wolffian | ward nearly to cloaca. Bifurcated at its extreme posterior end and 
0.5 mm. in length (by sections) from |ventral wall of duct solid, but cells | from the middle of the oesophagus to above first gill pouch. Three 
posterior wall of vitelline duct to| gut, where |of anterior end are | diverticula of aorta on right side represent’pronephric arteries. First 
the cloaca. A broad shallow groove |joining yolk | arranged as though and second aortic arches completely formed. Ventral aortae 
on right side of upper part of in- |stalk. Shallow about alumen. Ex- |separate throughout. — Vena capitis medialis broadly connected 
testine, may represent beginning of lateral tends posteriorly | with anterior end of aorta. Extends forward from this connection 
spiral valve. Lumen ofintestinecon- |grooves on ex-| for 47 sections of |to optic cup, and backward to posterior edge of trigeminal crest. 
stricted dorsally. Vertical diameter |ternal surface Su. Right and left vitelline veins extend to blastoderm. Left vitelline 
of cloaca two and one half times | of gut mark veinthelarger. Right and left subintestinal veins,! which communi- 1 
transverse. Ectoderm and ento- |dorsal boun- cate with respective vitelline veins. Subintestinal veins anastomose 
derm in contact on ventral surface. | daries of liver below gut, just posterior to vitelline duct. Left subintestinal vein 
larger than right. Both can be traced backward to cloaca. 


Neurenteric canal widely open. 


pouch. 


24 Normentafeln zur Entwicklungsgeschichte der Wirbeltiere. 
No Designation Size Preparation Data Body Form Somites 
20 H.E.C. 1352 Embryo |Fixative: Aceto-corrosive. Embryo attached to blastoderm along nearly | Thirty-five or thirty-six pairs of somites. Seg- 
5.2 mm. |Section: Transverse, 6 y. the middle third of its length. Slight dorsal| mented mesoderm extends to posterior end ot 
Stain: Iron haematoxylin, Congo red. |flexure. Head bent nearly at right angles to cloaca. In cardiac and vitelline duct regions, 
dorsal line of body. Tail bent ventrally and |sclerotomes loosely mesenchymous and extend 
ending in a distinct tailknob. Pericardial cavity | dorsally to base of neural canal. In same 
forms distinct rounded swelling. region, posterior border of myotome is. fibrous. 
21 H.E.C. 1637 Embryo |Fixative: Aceto-corrosive. No dorsal flexure. Mid-brain region projects |Fifty or fifty-one pairs of somites. 
6.2 mm |Section: Sagittal, 8 n. forward beyond fore-brain region, which is 
Stain: Iron haematoxylin, Congo red. | bent backward at an angle of 30° to it. Tail 
flexed almost at right angles to trunk. Tail 
| knob not well marked. 
22 H.E.C. 15063 | Embryo |Fixative: Aceto-corrosive. ‚Mid-brain region bent at right angles to |Fifty-three ‘or fifty-four pairs of somites 
7.5 mm, |Section: Transverse, 6 u. pharyngeal. Fore-brain region bent a little |(counted from sections). Segmented meso- 
Stain: Iron haematoxylin, orange G. | posteriorly from mid-brain region. Antero- |derm extends beyond cloaca. Sclerotomes of 
ae diameter of yolk stalk one-fourth |last ten somites not yet formed. 
| ength of embryo. A very slight dorsal 
flexure over yolk stalk region. Small tail 
knob. 
I} 
23 H.E.C. 1495 | Embryo |Fixative: Aceto-corrosive. Antero-posterior diameter of yolk stalk one- | Sixty-three pairs of somites (counted exter- 
| 9.0 mm. ‚Section: Transverse, 8 u. fifth length of embryo. Mid-brain region bent |nally). Segmented mesoderm extends nearly 
Stain: Iron haematoxylin, orange G.|at right angles to pharyngeal. Fore-brain bent|to neurenteric canal. Sclerotomes of last 
at an angle of about 45° to mid-brain region. |sixteen somites not yet formed. 
Fairly prominent tail knob. 
24 a) H.E.C. 206 Embryo |a) Fixative: Aceto-corrosive. Fore-brain region flexed until original antero- | Sixty-five pairs of somites in a cleared embryo 
11.5 mm. Section: Transverse, IO u. posterior axis lies in transverse plane. Dis- | of the same size and stage. Somites anterior 
Stain: Borax carmine. tinct ’twixt-brain swelling. Sharply outlined |to pancreas not in contact with coelom wall 
b) H.E.C. 208 b) Fixative: Aceto-corrosive. branchial plate. Beginning of mid-lateral line. | ventrally. Somites in posterior trunk region 
Section: Sagittal, IO u. Pericardial chamber dilated. Cloaca forms |attached to coelom wall by a narrow solid 
Stain: Borax carmine. prominent ventral swelling. stalk. 
e) H.EA2 2207; c) Fixative: Aceto-corrosive, 
Section: Frontal, IO u. 
Stain: Borax carmine. 
25 a) H.E.C. 223 Embryo |a) Fixative: Picro-sulphuric. Fore-brain swelling farther expanded ventrally | Seventy-one pairs of somites in a cleared em- 
13.0 mm. | Section: Transverse, IO pn. than in preceding stage (No. 24). Mid-lateral | bryo of the same length and stage. 
|. Stain: Alum cochineal. line distinct from branchial plate backward to 
b) H.E.C. 224 ıb) Fixative: Picro-sulphuric. a point midway between cloaca and tail. 
| | Section: Sagittal, IO u. 
| '  Stain: Alum cochineal. 
| E)’ELE:C.226 c) Fixative: Picro-sulphuric. 
Section: Frontal, IO x. 
Stain: Alum cochineal. 
26. | a) HLE.C. 227 Embryo |a) Fixative: Picro-sulphuric. Entire head region bent a little ventrally from | Eighty-six pairs of somites in a cleared embryo 
15.0 mm. Section: Transverse, IO u. pharyngeal region. Anterior and posterior | of the same length and stage. Anterior trunk 
Stain: Alum cochineal. dorsal fins differentiated from dorsal fin fold. | somites extend into upper part of lateral body 
b) H.E.C. 229 b) Fixative: Picro-sulphuric. Pectoral fin fold present. Wide ventral fold | wall. Somites connected with coelom wall 
Section: Sagittal, 20 ı. of caudal fin. Prominent cloacal protuberance. | from level of third turn of spiral valve pos- 
Stain: Alum cochineal. teriorly. 
2), ELE:C. 228 c) Fixative: Picro-sulphuric. 


Section: Frontal, I6 u. 
Stain: Alum cochineal. 
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Head -Somites 


Notochord, Subnotochordal Rod, Axial Skeleton 


Ectoderm in 
early Stages 


No. 


Lumen of premandibular somite circular in cross section, extends back- 
ward to tip of pharynx. Median connecting stalk broad anteriorly, 
tapering posteriorly. Dorsal wall epithelial, remainder mesenchymous. 
Two small cavities in stalk on either side of median line. A distinct 
lumen in anterior somite dorsally. 


. 


Distinct lumina in premandibular somite. Anterior somite connected 
with premandibular on either side by a strand of thickened mesenchyma. 
Pre on of mesenchyma from mesial wall of hyoid somite. Hyoid 
somite separated from fourth head somite by a deep lateral groove. 


Anterior somite extends nearly to cranial end of mandibular somite; its 
mesial wall fused with lateral wall of premandibular somite. Premandi- 
bular somite triangular in cross section, the two lateral cavities connected 
by a broad dorsal and a minute ventral stalk. From the dorso-median 
stalk two small blind pouches extend posteriorly. Posterior end of hyoid 
somite divided into dorsal and ventral processes. 


Anterior somite almost circular in cross section; walls epithelial and 
thick, with two rows of nuclei ventrally and mesially. Extends slightly 
in front of premandibular cavity. Posterior wall fused with premandi- 
bular, but no communication of cavities. Premandibular somite much 
larger than in preceding stages; lateral portions connected by a single 
median stalk, the lumen of wich is extremely small at the median line. 
Three irregular chambers bud off dorsally from this stalk. A small process 
with distinctly epithelial walls extends from the dorso-lateral angle of 
the mandibular somite, between the root of the semilunar ganglion and 
the hyoid somite. Ventral mesial angle of hyoid head somite decidedly 
mesenchymous. 


Lateral parts of premandibular somite connected by broad median stalk 
containing a large lumen, which is prolonged backward as an irregular 
pocket. Walls of anterior, premandibular and mandibular somites in con- 
tact above eye, but not fused. 


Anterior somite elongated, narrow, lying anteriorly in agroove in lateral wall 
of premandibular somite and posteriorly in the angle between premandibular 
and mandibular somites. On the left side, lumen of anterior head somite opens 
into that of the premandibular somite by a channel 50 u in diameter. Median 
stalk of premandibular somite much compressed between infundibulum and 
notochord (see note under latter). A large pocket extends upward from the 
mesial surface of the mandibular cavity, and is separated from it anteriorly 
by the root of the trigeminal nerve. “Muscle E” *) represented by a thicken- 
ing at the end of this pocket? Hyoid cavity distinctly bi-lobed posteriorly. 


No communication between lumina of anterior somites and of premandi- 
bular somite. Processes of premandibular somite which go to form 
inferior oblique muscle and inferior rectus muscle distinct. Anterior 
process (anlage of superior oblique muscle) of mandibular somite extends 
a far. cranially as anterior wall of optic vesicle, “Muscle E” process 
ıstinct. 


*) The nomenclature of A. LAMmB (Amer. Journ. Anat., I, 1901, 185), 
has been followed in descriptions of rudimentary eye muscles. 
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Normentafeln zur Entwicklungsgeschichte der Wirbeltiere. 


Anterior tip of notochord slightly recurved. Central cluster of nuclei, 
as described for preceding stages (Nos. I7 and 18), in head and pos- 
terior trunk region. In anterior trunk region, nuclei more generally 
scattered and smaller in size. From level of cloaca backward, the 
primitive cellular condition of notochord still present. — A separate 
anterior segment of subnotochordal rod springs from roof of pharynx 
near its anterior tip and extends forward just under notochord to its 
ventral curve. Second segment a ridge on dorsal surface of pharynx 
from level of first gill slit to middle heart region. Extends backward 
to cloaca as a free rod lying between two dorsal aortae. Fused with 
entoderm at cloaca. 


Anterior end of notochord bent ventrally at an angle of 90°. In 
contact but not attached to median stalk of premandibular somite. 
Nuclei of notochord generally scattered from level of facial nerve 
backward to posterior trunk region. In other parts of notochord, 
cells arranged in central cluster. — No anterior segment of subnoto- 
chordal rod. 


Anterior end of notochord a little recurved, in contact but not fused 
with median stalk of premandibular cavity. Notochord 120 u in 
diameter in largest part. Central cluster of nuclei at extreme anterior 
end, and from level of anterior end of cloaca backward, nuclei in 
trunk region gathered at the periphery of notochord. — Subnotochordal 
rod arises as in preceding embryos (Nos. 20 and 21), fuses with ento- 
derm again just posterior to cloaca. In posterior part of free portion 
is increased in size until one-half diameter of notochord. 


Anterior end of notochord recurved for 24 u. (by sections). In cardiac 
and hepatic regions, cells arranged in a fairly definite epitheloid layer 
at periphery or notochord. — Subnotochordal rod attached anteriorly 
to roof .of pharynx between third and fourth gill pouches, posteriorly 
to postanal gut just behind cloaca. Much reduced in size in pharyngeal 
region. 


Anterior end of notochord recurved for 50 u. (by sections). Recurved 
part in contact with median stalk of premandibular somite. Notochord 
150 u. in diameter in largest part (region of yolk stalk). Cells generally 
scattered in head region backward to third gill slit. From this level 
backward to anterior end of cloaca, cells flattened against elastica. 
Cells gathered in central cluster or central ring from posterior end of 
cloaca to end of notochord. — Subnotochordal rod entirely detached 
from gut. In contact but not fused with entoderm over third gill slit. 
Extends backward behind cloaca. 


Anterior end of notochord recurved for 110 y. (by sections). Broadly | 
oval in cross section. Nuclei throughout notochord flattened against, 
elastica. — Subnotochordal rod extends from first gill slit nearly to | 
posterior end of notochord. At level of second gill slit, approaches | 
roof of pharynx but is not fused with it. A distinct median ridge on| 
pharynx at this point. Average diameter of subnotochordal rod 15 ». 


Anterior end of notochord sharply recurved for 150 u. Broadliy oval 
in cross section in trunk region; vertical diameter I8o u, transverse 
diameter Iso u. Elastica much thickened. — Subnotochordal rod in 
contact with roof of pharynx over third gill slit. 
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Brain, and Cephalic Nerves 


nn nn. 


Hypophysis and Infundibulum 
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Cranio-caudal axis of fore-brain a little greater than vertical. A shallow recessus neuroporicus present. Skin and 
neurectoderm fused for I8 u (by sections), in median line, anterior to recessus. Distinct recessus postopticus and 
|recessus praeopticus. Mid-brain a little dilated ; broader ventrally than dorsally; separated from fore-brain externally 
by shallow lateral grooves. Roof of hind-brain composed of a single layer of columnar cells. Lateral walls much 
thickened, with as many as six rows of nuclei in thickest part. At ae of trigeminus, ventricle kite-shaped in 
cross section, in region of otocyst and posteriorly, hour-glass-shaped in cross section. — Connection between 
|trigeminal crest and urtrochlearis more slender and irregular in outline. Ophthalmic portion of trigeminal crest 
|lies in groove between optic vesicle and fore-brain; fused with skin ectoderm above optic vesicle; connected with 
|the small thalamic crest by a slender strand, one cell thick. Facial and acoustic ganglia differentiated. Facial crest 
‚extends down dorsal half of second gill arch. Glossopharyngeal crest disconnected from both vagus and facial 
erests; extends down dorsal half of third gill arch. Anterior end of vagus crest much enlarged ventrally; divided 
into first and second branchial branches. A blunt process extends backward 30 u from ventral posterior angle. 
Crest broadly continuous with spinal nerve crest dorsally. 


Axis of fore-brain bent a little caudal from that of mid-brain. Skin and neurectoderm fused for nearly 70 u. along 
median line at anterior neuropore. Very shallow recessus praeopticus and recessus postopticus. Beginning of 
tuberculum posterius? Mid-brain bent almost at right angles to hind-brain. Almost circular in cross section. 
Lateral walls of hind-brain very much thickened. Ventral half of canal reduced to a narrow slit between them. 
Ventral expansion of canal entirely absent anterior to otocyst, — very slight behind otocyst. — Thalamic crest 
disconnected from trigeminal. Urtrochlear connected with trigeminal crest by a broad band on the right, and a 
very small one on the left side. Distinct thickening of trigeminal crest above optic vesicle (anlage mesocephalic 
ganglion). Epibranchial and dorso-lateral placodes of facial established. Dorso-lateral placodes of glossopharyngeus 
and vagus established. 


Cranio-caudal and vertical diameters of fore-brain about equal. Shallow recessus praeopticus and recessus post- 
opticus. Mid-brain separated externally from fore- and hind-brain by well defined but shallow grooves. Walls, 
floor, and roof of mid-brain of equal thickness. Hind-brain approximately four times as long as broad. Greatest 
transverse diameter in region of otocyst. Lateral walls, at origin of trigeminus, flattened until lying almost in 
transverse plane. Slight indication of division into dorsal and ventral zones in this region. Floor plate a single 
layer of elongated cells. No ventral enlargement of canal anterior to origin of vagus. — Urtrochlear and thalamic 
crests completely separated from trigeminal. Urtrochlear crest present in four sections of 6 » only. Trigeminal 
crest attached to middle third of medullary tube; expanded above optic vesicle; extends down dorsal half of mandi- 
bular arch. A long slender strand of Sans (urtrochlear process) extends forward and upward from anterior edge 
of trigeminal crest, towards urtrochlear crest. Epibranchial placode of glossopharyngeus established. 


Vertical diameter of fore-brain vesicle approximately three-fouıths of cranio-caudal. In the median line, floor and 
roof of about equal thickness. Lateral walls approximately twice as thick as floor or roof. A very shallow recessus 
neuroporicus. Brain wall and skin ectoderm in contact, but not fused, in front of recessus. Recessus praeopticus 
and recessus postopticus barely distinguishable at median line. Distinct recessus mammillaris. Tuberculum posterius 
|appears, at the median line, as a broadiy U-shaped fold of the floor of the fore-brain. Roof of hind-brain widely 
|expanded — composed of a single layer of squamous cells. Lateral walls very much thickened and in otic region 
almost in contact. A very narrow peripheral layer of ectoglia ventral to origin of trigeminus. — Thalamic crest 
entirely absent. No connection between urtrochlear and trigeminal crest. Trigeminal crest constricted into an 
anterior (ophthalmic) and a main posterior portion. Slender urtrochlear process. Mesocephalic ganglion lies over 
| optic cup, — increased in size in comparison to preceding stage. Facial crest extends ventrally to middle of hyoid 
arch, as do glossopharyngeal and first and second branches of vagus crest. Third branch of vagus crest extends 
ventrally into dorsal end of sixth branchial arch. Epibranchial placodes of first and second branches of vagus 
crest established. 


Cranio-caudal diameter of telencephalon about an eighth greater than vertical. 
| Distinct recessus praeopticus — brain wall thickened cranial to it. 
wall thickened between it and recessus praeopticus. 
ceding stage — in mid-sagittal section shaped like a 
bulum. Diencephalon broadly oval in cross section, 


No distinct recessus neuroporicus. 
Shallow, indistinet recessus postopticus. Brain 
Tuberculum posterius a little more prominent than in pre- 
much flattened W. For processus mammillaris see infundi- 
— lateral walls nearly twice as thick as roof or floor. Distinct 
velum transversum — V-shaped in section. Distinct but small, post-velar arch and pinealis, the latter directed 
eg Mid brain broadiy oval in cross section — floor and walls twice as thick as roof. A shallow sulcus 

imitans, extending from anterior of origin of trigeminus to origin of facial nerve, and from the middle of otocyst 
region to origin of en ker irn nerve — absent in anterior half of otocyst region. Formation of cinerea 
beginning throughout length of myelencephalon. Narrow peripheral layer of ectoglia in ventral zone. — Urtrochlear 
crest entirely absent. Terminal nerve represented by a few cells connecting fore-brain with nasal epithelium? 
Oculomotor nerve extends backward to mesocephalic ganglion. Long slender urtrochlear process of trigeminus. 
| Distinet mesocephalic ganglion. The two above structures connected with trigeminal ganglion by slender ganglionic 
cord. Short mandibular and maxillary rami ot trigeminus. Slight differentiation of acoustic, hyomandibular, and 
superficial ophthalmic portions of facial-acoustic ganglion. Short buccal and superficial ophthalmic rami — placodes 
| of each established. Epibranchial placode of facıal nerve established. Hyoid ramus of facial nerve in dorsal third 
of hyoid arch. Dorso-lateral and epibranchial placodes of glossopharyngeus established. First, second, and third 
branchial rami of vagus. Epibranchial and dorso-lateral placodes of each formed. Lateral ramus extends backward 
a little beyond posterior end of pharynx. 


Telencephalic vesicle enlarged and elongated, as compared with preceding stage. 
twice vertical. A distinct though shallow recessus neuroporicus present. 
shaped in cross section, shallow at median line. Recessus opticus distinguishable only at median line. Velum 
transversum twice as long (Ioo u) at the median line as in preceding stage (No. 24); epithelial walls in contact. 
Distinct post-velar arch. Pinealis extends backward slightly over roof of diencephalon. — Urtrochlear process of 
trigeminal ganglion absent. Anlage of ciliary ganglion attached by a few strands to distal end of oculomotor 
nerve, and by a broad cellular cord to mesocephalic ganglion. 


Cranio-caudal diameter nearly 
Recessus praeopticus laterally deeply V- 


Vertical diameter of telencephalon three-fifths of cranio-caudal. Lateral walls of telencephalon over twice as thick 
as floor. Floor twice as thick as roof. No distinct recessus neuroporicus. Recessus praeopticus shallowly V-shaped 
at the median line — walls much thickened anterior and posterior to it. A very narrow peripheral band of ectoglia 
just posterior to recess. Velum transversum 300 u in length at median line, a thin layer of mesenchyma between 
epithelial walls. Superior commissure represented by a narrow peripheral band of ectoglia just anterior to pinealis. 
| Pinealis 120 u in length at median line. Posterior commissure a broad peripheral layer of ectoglia. Ventral zone 
of lateral walls of mesencephalon a little thickened. A narrow ectoglic layer at base of ventral zone. Anlage of 
cerebellum a distinet thickening of roof or anterior end of hind-brain. Broad shallow sulcus limitans, extendin 

entire length of hind-brain. Distinct formation of cinerea ventral to origin of trigeminal and facial nerves. Broa 

| band of ectoglia on either side of floor plate throughout length of hind-brain. Distinct sensory bundles of trigeminal 


jand facial nerves. — Olfactories established. Deep ophthalmic ramus of trigeminus extends forward nearly to ventral 
|edge of optic cup. Mesocephalic BANENIER much larger. Connected on its mesial surface, by a few cellular strands, 
|with a very small ciliary ganglion. Connected by a broad cellular band with trigeminal 'ganglion, — superficial 


| ophthalmic ramus of trigeminus a small branch arising from the anterior surface of this band. Superficial ophthalmic 


|ramus of facial extends forward a little beyond anterior edge of trigeminal ganglion. Three branchial rami of 
| vagus — fourth forming. Visceral ramus of vagus extends posteriorly to anterior end of oesophagus. Lateral 
line ramus extends backward to middle of cardiac region. 


Ventral surface of fore-brain in contact 
with thickened hypophyseal plate of epi- 
thelium. No invagination of hypophysis. 


Hypophyseal plate in contact with brain 
wall at median line, from recessus prae- 
opticus nearly to tuberculum posterius. Pos- 
terior (upper) end invaginated, forming a 
shallow pocket, the cranial end of which 
is in contact with tip of notochord. 


Posterior (upper) end of hypophysis extends 
forward from mouth 48 u (by sections). 
Triangular in cross section. In contact with 
floor of fore-brain anteriorly, and with walls 
of lateral chambers of premandibular somite 
laterally. 


Small but distinct recessus mammillaris and 
tuberculum posterius. Hypophysis in con- 
tact with brain wall from posterior wall of 
mammillary recess forward nearly to re- 
cessus praeopticus. Cranial wall in contact 
with median stalk of premandibular somite. 


Posterior, i. e. invaginated part, of hypo- 
physis 0.2 mm. in length at median line. 
Expanded distally. Anterior part extends 
forward to recessus postopticus. 


Recessus mammillaris slightly recurved 
above tuberculum posterius. In contact 
anteriorly with median stalk of premandi- 
bular somite; posteriorly, with distal ex- 
tremity of hypophysis. Invaginated (pos- 
terior) portion of hypophysis approximately 
0.3 mm. in length. Anterior wall nearly 
twice as thick as posterior. 


Recessus mammillaris recurved a little dor- 
sal to tuberculum posterius. Recessus in- 
fundibuli a very shallow depression in floor 
of infundibular region, caudal to recessus 
mammillaris. Posterior part of hypophysis 
approximately 0.4 mm. in length. Trans- 
verse diameter of proximal end of sac two- 
thirds that of distal. Walls in contact at 
proximal end. 


mn - 


Normal Plates of the Development of Squalus acanthias. 


27 


Spinal Chord, Spinal Nerves, Sympathetic 


Eye 


Nose 


Cord much as in preceding embryo (No. 19). Ventral halves of lateral 
walls almost in contact in posterior trunk region. In anterior 
trunk region, lateral walls two to three times as thick as roof or 
floor plate. Neural crest extends backward nearly to posterior 
wall of yolk stalk. Three (?) distinct ganglionic enlargements pos- 
terior to vagus. 


Cord in greater part of trunk region broadly ovalin cross section; 
transverse diameter about three-fourths of vertical. Ovate in cross 
section in tail region. Neural crest extends posteriorly to twenty- 
sixth segment (about midway between posterior wall of yolk stalk 
and cloaca). Division of crest into separate ganglia anlagen except 
at extreme posterior end. Ventral roots present in anterior trunk 
region. Ganglia anlagen and ventral roots not joined. 


Cord oval in cross section; nearly as broad as high in trunk 
region. Middle third of walls in contact in anterior trunk region. 


Many mitoses. Twenty-eight spinal ganglia. Two occipital ganglia, 


which appear as enlargements of the ganglionic cord connecting | 
the vagus with the spinal nerve crest. Ventral roots of occipital | 


and first eighteen spinal nerves present. Dorsal and ventral roots 
not connected. Dorsal roots in region of pronephros and pancreas 
extend a little below level of dorsal surface of notochord. Neural 
crest extends posteriorly to level of cloaca. 


Cord as in preceding embryo (No. 22). Circular in cross section 
from cloaca backward. Thirty-six spinal ganglia (by sections). 
No definite ganglia beyond anterior end of cloaca. Ventral roots 
and ganglia of nerves anterior to posterior wall of yolk stalk 
united. Longest nerves (in region of pancreas) extend ventrally 
to level of aorta. 


Vertical diameter of cord in trunk region, approximately 0.25 mm. 
Transverse diameter three-fourths of vertical. Floor plate three 
times as thick as roof plate; lateral walls twice as thick as floor 
plate. Canal a narrow vertical slit, expanded ventrally and a little 
dorsally. A narrow lateral layer of ectoglia in anterior trunk 
region. Fifty-one spinal ganglia (by sections). Nerves in anterior 
trunk region extend ventrally to level of dorsal wall of aorta. Be- 
ginning of dorsal rami in this region. 


Vertical diameter of cord in trunk region, approximately 0.28 mm. 


In greater part of trunk region, transverse diameter but little less 
than vertical. Sympathetic ganglia small masses of cells on mesial 
sides of nerves of anterior trunk region at the level of dorsal 
aorta. 


In cardiac region, cord 0.35 mm. in vertical diameter. In pan- 
creatic region, 0.25 mm. in vertical diameter. Transverse diameter 
almost equal to vertical. Transverse diameter of canal approxi- 
mately one-fifth of vertical. Lateral walls in contact in pharyngeal 
and cardiac regions. Neurenteric canal still present, but con- 
stricted. Narrow peripheral layer of ectoglia in lateral walls of 
cord — thickest ventrally. Beginning of formation of cinerea in 
ventral half of cord in anterior trunk region. Interganglionic cord 
broken down in anterior trunk region; still continuous from the 
17th spinal ganglion backward. Spinal nerves of anterior trunk 
region directed somewhat posteriorly. In pancreatic region, extend 
ventrally into somatopleure of body wall. Sympathetic ganglia 


more definite than in preceding stage (No. 24). 


Ectoderm of lentic plate 30 u thick over optic vesicles, 
rather sharply marked off from skin ectoderm. Optic vesicles 
connected with fore-brain for one-fifth of their cranio-caudal 
diameter, and one-third of the dorso-ventral diameter. 
Cranial two -fifths of vesicles project forward as blind 
pouches. 


Lentic plate 50 u thick; mesial surface slightly convex. No 
lentic pit. Optic cup 0.35 mm. in diameter. Stalk one-half 
diameter of cup. Lateral wall of cup nearly twice as thick 
as mesial. 


Lentic epithelium 80 u thick, containing three rows of 
nuclei. Deep lentic pit. Optic cup 0.38 mm. in diameter. 
Cavity between mesial and lateral walls large. Lateral wall 
twice as thick as mesial. Optic stalk one-half diameter of 
optic cup. 


Lens almost spherical, 100 u. in diameter, four or five rows 
of closely packed nuclei, and many division figures. Lens 
still broadly attached to ectoderm. Lentic pit deeply V-shaped 
in cross section. Optic cup pressed against mesial surface 
of lens.. Lumen of optic vesicle a narrow cleft. Lateral 
wall go u thick; mesial wall 30 u thick; four rows of nuclei 
in lateral wall. Optic stalk nearly one-half diameter of cup. 


Lens completely cut off from skin ectoderm, although pressed 
against it. Diameter 0.3 mm. (by sections). Cavity irregular, 
often star-shaped in cross section. Division figures frequent. 
Mesial wall a little thicker than lateral. 


Lens flatly convex laterally, slightly concave mesially. 
Greatest breadth 0.38 mm., greatest thickness 0.22 mm. 
Mesial wall three times as thick as lateral, containing three 
to four rows of nuclei. Optic stalk one-third as broad as 
optic cup, nearly circular in cross section. Retinal wall of 
cup six times as thick as chorioid. 


Lens flatly oval in cross section; greatest breadth 0.46 mm., 
greatest thickness 0.3 mm. Mesial wall of lens seven times 
as thick as lateral wall. Lentic cavity elongately crescentic 
in cross section, as wide as lateral lens wall. Retinal wall 
of optic cup eight times as thick as chorioid. Many division 
figures in inner zone. Mesenchyma and hyaloid artery extend 
through chorioid fissure and just enter optic cup. 


Nasal placodes a little de-| 20 
pressed, and lie mainly an-| 
terior to optic vesicles. 


21 


Like preceding stage (No. 20). | 
| 


| 
| 
| 
| 
| 


Distinet depression of nasal| 
pits. Epithelium approxi- | 
mately three times as thick | 
as skin ectoderm. Many mi- | 


totic figures in outer border. 


22 


As in preceding embryo (No. | 
22), except that transition from | 
nasal to skin epithelium is | 
more sharply marked ven- 
trally. 


23 


Depressions a little deeper' 24 
than in preceding stage (No. 


| 23). | 


Nasal pits shallow, ventral| 
edges sunk in at right angles 
to the surface ofthehead. Epi- | 
thelium thickest and slightly | 
incurved at ventral angle of| 
pit. Epithelium approaches | 
brain, but is separated from | 
it by a little mesenchyma. 


| 
Deepest part of nasal pit “ 26 
almost semicircular in cross | 
section. Line between nasal | 
and skin epithelium sharply | 
marked ventrally, less so dor- 
sally. Olfactory nerve in con- 
tact with nasal epithelium at 
the ventral angle ofthe bottom | 
of pit. 


28 Normentafeln zur Entwicklungsgeschichte der Wirbeltiere. 


No. Ear Integument, Lateral Line Mouth Archenteron 
20 |Otic pit invaginated anteriorly and a little dor- | Like preceding stage (No. 19). Oral plate broken through anteriorly for —_ 
sally, forming a deep pocket which is flattened 60 u (by sections). Very thin posteriorly. 
laterally. Open part of otic pit broadly oval in 
outline, gradualiy flattening out posteriorly. In- 
vaginated part of otic pit lies over anterior end 
of first gill pouch. 

2I Otocyst 300 u in length. Vertical diameter equal _ Oral cleft 200 1 in length (by sections). — 
to two-thirds of length. Posterior third forms 40 » in width in broadest part. 
a broad neck connected with the skin ectoderm. 

22 Otocyst two-thirds as high as long. In thickest| Much as preceding stages (Nos. I9 and 20), ex- | Mouth an elongated oval slit, — 
part two-thirds as broad as high. Connected |cept for placodes (see cranial nerves). approximately four times as long as broad. 
with ectoderm by a neck occupying upper half 
of approximately the posterior third of outer 
wall. This neck directed slightly posteriorly and 
succeeded by a shallow groove in the thickened 
skin ectoderm. 

23 Otocyst nearly three fourths as high as long. Pharyngeal plate of epithelium sharply marked | Mouth opening oval in outline, three times _ 

off from general skin ectoderm dorsally, less so | as long as broad. 
ventrally ; 65 u thick in thickest portion. 2—4rows 

of nuclei. Extends posteriorly for 0.23 mm. (by 

sections) beyond last gill slit. Ectoderm over 

lower part of head 20 u. in thickness. 

24 Otocyst extends through fifty-seven sections of| A single layer of cuboidal or columnar cells | Mouth opening broadly oval in outline, — 
6 u, bluntly rounded posteriorly, roundly pointed |over head ventral to supra-orbital placode. In|reduced to a narrow cleft posteriorly. An- 
anteriorly, flatly rounded below. Ductus endo-|trunk region, a single layer of squamous or low |terior (dorsal) halves of mandibular arches 
Iymphaticus arises from a broad funnel-shaped | cuboidal cells, except over fin folds. Pharyngeal | bent mesially and enlarged. 
base, extends first dorsally, then dorso-poste- plate sharply marked off from general epithelium - 
riorly, fusing with skin above posterior end of dorsally. Supra-orbital, infra-orbital, mandibular, 
otocyst. and lateral-line placodes established. 

25 No much the same as in preceding stage |Much as preceding stage (No. 24). Much as preceding stage (No. 24). — 

(No. 24). 
26 |Otocyst 120 u in length (by sections); greatest Epithelium consists mainly of one layer of cells; 


| vertical diameter one-half of length, transverse 


|arises from the middle third of the dorsal surface 


diameter one-half of vertical. Epithelium of 
mesial and ventral walls much thicker than that 
of dorsal and lateral. Ductus endolymphaticus 


of otocyst, on the median side. 
almost directly posteriorly, fusin 


It extends 
with skin 


slightly in front of posterior wall of otocyst. 


two layers of cells on ventral surface of head, 
on sides and ventral surface of trunk. Pharyngeal 
plate much less definitely outlined than in pre- 
ceding stages. 


Mouth opening diamond-shaped in outline, 
almost as broad as long. Mandibular and 
maxillary processes bent at an angle of 
approximately 90°. Anterior ends of maxil- 
lary processes much enlarged — separated at 
median line by a cleft approximately one- 
third the width of the mouth opening. 
Very slight frontal process. 
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Pharynx, Thyreoid, Thymus, Suprapericardial 
Body 


Digestive Tube 


Liver, Pancreas, Spleen 


Pharynx more elongated than in preceding stage 
(No. 19). Upper part of first gill slit open, and 
where not open the ectoderm and entoderm are 
fused. Second gill slit a minute round opening; 
ectoderm and entoderm fused for some distance 
on either side of this opening. Thyreoid a small 
shallow open pouch at postero-ventral angle of 
pharynx. 


First and second gill slits open dorsally. Ecto- 
derm fused with entoderm over third and fourth 
pouches. Thyreoid as in preceding stage. 


Dorsal halves of first and second gill slits open. 
Ectoderm and entoderm of third and fourth gill 
slits fused. Thyreoid projects backward 24 u 
(by sections) beyond the ventro-posterior angle of 
pharynx. Walls of thyreoid pouch in contact. 


Dorsal halves of first and second gill slits open. 
Dorsal third of third slit open. Ectoderm and 
entoderm fused over fourth pouch and broken 
through for one section of 8 u on either side. 
Fifth gill pouch established. Thyreoid pouch 80 u 
in length: posterior third not attached to floor of 
pharynx. 


First four gill slits open. Fifth pouch well estab- 
lished, with ectoderm and entoderm in contact 
dorsally and fused ventrally. Sixth pouch well 
formed, with ectoderm and entoderm in contact. 
Three knob-like gill filaments on posterior wall 
of second gill slit. Thyreoid projects backward 
70 u (by sections) from ventro-posterior angle of 
pharynx. 


First three gill slits widely open. Fourth gill slit 
established, but arches still in contact. Ectoderm 
and entoderm in contact over fifth and sixth 
pouches. Thyreoid pear-shaped in cross section, 
150 u long (by sections), connected with pharyngeal 
epithelium for 20 u at extreme anterior end, poste- 
riorly well separated from pharynx. 


Five anterior gill slits open. First slit very narrow 
ventrally. Ectoderm and entoderm fused and very 
thin for short distance over sixth pouch. Four 
small gill filaments on hyoid surface of second 
gill slit, two on mandibular surface. Thyreoid 
250 u in length (by sections). pointed anteriorly, 
broad and rounded posteriorly, attached to base 
of pharynx anteriorly by a constricted neck. 

deep groove in floor of pharynx just above 
thyreoid. 


Oesophagus much longer than in preceding stage 


(No. 19), tapering posteriorly, in narrowest portion 
broadly oval in outline. Lumen much reduced in 
size, about one-fifth diameter of tube. 


Oesophagus broadly oval in cross section; vertical 
diameter a little greater than transverse. Posterior 
walls much thickened and lumen reduced to one- 
seventh diameter of tube. About two-thirds of 
a complete turn of spiral valve. 


Oesophagus constricted posteriorly, almost circular 
in cross section. In narrowest part, lumen barely 
visible; less than one-tenth diameter of gut. Vitel- 
line duct approximately equal. to one-fifth length 
of gut from pharynx to neurenteric canal. One and 
one-third turns of spiral valve. Cloaca dilated: 
about twice the diameter of preceding intestine. 
Ectoderm and entoderm, on ventral surface, in 
contact for 120 u (by sections). Gut constricted 
immediately behind cloaca, but dilated anterior to 
neurenteric canal. 


Oesophagus circular or broadly oval in cross 
section. Lumen in posterior half very minute. 
Antero-posterior diameter of vitelline duct 250 u 
(about one-sixth of length of gut from pharynx to 
neurenteric canal). A distinct groove on the left 
wall of vitelline duct from liver diverticulum to 
posterior end of duct. One and two-thirds turns 
of spiral valve. Post-cloacal gut much constricted 
ln but dilated before joining neurenteric 
canal. 


Lumen in posterior part of oesophagus occluded 
for 250 u (by sections). Oesophagus in cross section 
roundly oval anterior, and triangular posterior to 
closed portion. Four complete turns ofspiral valve. 
Cloaca dilated — vertical diameter three times that of 
gut preceding it. 


Oesophagus closed for 170 u. (by sections). Trans- 
verse diameter of anterior part three times vertical. 
Solid portion circular or oval in cross section. Im- 
mediately behind the solid oesophagus (i. e. region 
of future stomach) gut dilated, broadly oval in cross 
section. Six and one-half turns of spiral valve. 
Behind cloaca gut reduced to a slender solid cord, 
which acquires a lumen and is a little dilated before 
passing over into neurenteric canal. 


Oesophagus solid for 150 u (by sections). Stomach 
enlargement distinet — nearly twice diameter of 
solid oesophagus. Curved a little ventrally. Vitel- 
line duct approximately one-tenth the length of gut 
from pharynx to cloaca. Gut folded over to the 
left ot vitelline duct along the anterior two-thirds 
of their connection. Eight turns of spiral valve. 
Gut much constricted just anterior to cloaca. Lumen 
equal to one-sixth diameter of gut in this region. 
Cloaca ends abruptly posteriorly; no post-cloacal gut. 


Much as preceding embryo (No. 19). Anterior wall of 


pouch better defined. 


Liver pouch expanded laterally. Walls almost twice 
as thick as those of gut. Pancreas a small elongated 
diverticulum from dorsal wall of gut over yolk stalk. 
Directed Dem and expanded laterally at its pos- 
terior end. 


Liver an elongated ventral pouch constricted a little 
transversely at its connection with gut. Distinct lateral 
outpouchings from posterior end of ventral pouch. An- 
lage of gall bladder, a depression in posterior end of 
floor of ventral pouch, — continuous with anterior wall 
of vitelline duct posteriorly. Posterior end of pancreas 
projects backward over dorsal wall of gut for 25 u (by 
sections). 


Liver evagination four times as broad as gut connected | 
with it. In its widest part, four times as broad as high. | 


Connection between gut and liver slightly constricted | 


laterally. Gall bladder, a ventral pouch from liver in- 
vagination, about 130 u in length, sharply marked off 
anteriorly but broadly connected with liver above and 
merging with yolk sac posteriorly. — Pancreas a little 
larger than in preceding stage (No. 22). Twice as broad 
as gut with which it is connected. Connected with 
dorsal wall of gut for almost entire length of pouch. 
Epithelium of pouch twice as thick as that of gut. 


Lateral pouches of liver extend upward nearly to dorsal 
wall of gut, and are produced posteriorly. Connected 
with median portion along base of their anterior two- 
thirds. Several secondary outpocketings from anterior 
part oflateral pouches. Median chamber of liver evagin- 
ation broadiy connected with gut above it. all 
bladder a deep ventral pouch from median chamber. 
Pancreas projects backward over dorsal wall of gut for 
Ioo u (by sections). Attached part approximately the 
same length as free posterior part. 


Median chamber (ductus choledochus) of liver evagin- 
ation separated from gut anteriorly. 


Numerous secondary outpouchings from lateral pouches. 
Gall bladder expanded ventrally, attached to median 
chamber of liver along entire length by a transversely 
constricted neck. Pancreas attached to dorsal wall of 
gut by its anterior four-fifths. 


Lateral pouches | 
connected with median chamber by short wide ductes. | 


Outlines of original lateral pouches of liver obscured by | 


the very numerous tubules formed from them. Lateral 


pouches communicate with median chamber (ductus | 


choledochus) by narrow lateral openings 180 u in length 
(by sections). Ductus choledochus, flattened at its distal 
end, extends Ioo u posterior to liver; roundly triangular 
in cross section in this part; approximately same calibre 
as gut. Opens into ventral wall of gut 200 u (by 
sections) anterior to vitelline duct. Gall bladder 250 u. 
in length (by sections), attached along its middle 
three-fifths to ventral wall of ductus choledochus by a 
laterally constricted neck. Pancreas 300 u in length 
(by sections), connected by its middle third with dorsal 
wall of gut. Formation of tubules on right side and 
roof. 


I 
| 


| 
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22 


23 


24 


25 


26 
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Urogenital System 


Heart, Pericardium, Blood Vessels 


21 


22 


23 


24 


25 


26 


ı Wolffian duct attached to three anterior pronephric 


anlagen, extends posteriorly for 73 sections of 6 u. 
as a solid cord of cells. Fused with ectoderm for 
last fourth of its length. 


Four anterior pronephric tubules possess lumina and 
are connected with Wolffian duct. A minute lumen 
in Wolffian duct just posterior to third pronephric 


tubule — all other parts solid. Wolffian duct ex-| 


tends backward nearly to anterior end of cloaca. 


|Wolffian duct connected with coelom by two pro- 


nephric funnels. A small lumen in Wolffian duct 
for 80 u (by sections) posterior to last pronephric 
funnel; posterior to this point duct is solid. Duct 
ends blindly at anterior end of cloaca. 


Five pronephric tubules, first separate, remainder 
forming canals connecting coelom with Wolffian duct. 
Lumen present in anterior part of Wolffian duct, 
about five sections of 8 „only. Wall of duct thickest 
dorsally and mesially. About Iz nuclei seen in cross 
section. Duct extends posteriorly as far as extreme 
anterior end of cloaca, where it lies in contact with 
the ectoderm. Eight pairs of mesonephric tubules 


| clearly established. They are broadly continuous 
| with coelomic epithelium, and not in contact with 
| Wolffian duct. 


Wolffian duct extends backward as far as middle of 


|eloaca; turned sharply downward at its extreme 


posterior end, and in contact with cloacal epithelium. 
A lumen present except in extreme posterior end. 
Twenty-six pairs of definite mesonephric tubules. 


e 


Anterior end of Wolffian duct at level of vitelline 
artery. Posterior end fused with lateral wall of 
cloaca. Twenty-nine pairs of mesonephric tubules. 


Wolffian duct opens anteriorly into coelom, just in 
front of pancreas. Posteriorly it is fused with wall 
of cloaca. Forty pairs of mesonephric tubules, the 
anterior three rudimentary. Tubules curved over 
dorsal surface of Wolffian duct. Interrenal organ a 
mass of condensed mesenchyma lying between aorta 
and radix mesenterica, extending from level of first 
turn of spiral valve to cloaca. 276 germ cells in 
genital region (WOODS). 


Posterior part of heart is strongly bulged dorsally and to the right. Anteriorly, dorsal mesocardium long 
and thin. Broken through over middle part of heart for 30 sections of 6 u. Mesothelial layer of heart a 
little thicker than in preceding stage, being made up of cuboid or columnar cells. — Upper end of first 
aortic arch dilated (anlage of arteria ophthalmica magna). Vessels from dorsal and ventral aorta almost 
meet to form second arch. Pronephric arteries represented by three dilatations of the aorta on the right 
side in pronephric region. — Veins as in preceding stage (No. 19). 


Dorsal mesocardium only present at anterior and posterior ends of heart tube. — First and second aortic 
arches complete. The three pronephric arteries of right side united, forming vitelline artery which extends 
to blastoderm. 


Heart shows slight differentiation into atrium, ventricle, and bulbus. Walls of ventricular chamber slightly 
thickened. Dorsal mesocardium attached only at posterior and anterior ends of heart. Somatic mesoderm 
and splanchnic mesoderm !in contact above anterior ends of. vitelline veins. — First two aortic arches 
complete. Branches from dorsal and ventral aortae to form third and fourth arches. Dorsal aorta extends 
backward as far as cloaca. It is a single vessel from level of fourth pharyngeal pouch backward — 
double at its extreme posterior end. Vitelline artery arises from two trunks. A small dilatation of dorsal 
aorta, posterior to second root of vitelline artery, represents third pronephric artery. — Anterior cardinal 
complex, as described for preceding stage (No. 21). Subintestinal vein single to cloaca. Left vitelline 
vein larger than right, connects with single subintestinal vein posteriorly. Right vitelline vein extends 
backward only to level of vitelline artery, no connection with subintestinal vein. A few corpuscles in 
the heart and dorsal aorta — irregular cells with large oval nuclei, containing one or two dark staining 
chromatin masses. 


Heart somewhat more twisted than in preceding stage. Ventricle lies below and to the left of atrium. 
Slight constriction of atrio-ventricular canal. A slight constriction also between ventricle and bulbus. 
Mesothelial wall of sinus venosus is fused for a short distance with the mesothelium of somatopleure. — 
First, second, and third aortic arches completely formed. Fourth and fifth represented by short sprigs. 
Dorsal aorta extends backward beyond cloaca. Vitelline artery arises from dorsal aorta by two roots of 
about equal size. — Vena capitis medialis connected with aorta as in preceding stages. Extends forward 
to dorsal surface of optic cup, and backward beyond posterior edge of vagus; at this point turns sharply 
ventrally, joining with anterior cardinal at level of aorta. Anterior cardinal extremely irregular, connected 
by numerous channels with aorta. Joins with posterior cardinal, forming common cardinal, at level of 
second spinal ganglion. Common cardinal extremely irregular; ends in capillary network in somatopleure, 
lateral to posterior end of heart; does not enter heart. Posterior cardinal can be traced backward a few 
sections only from juncture with anterior cardinal. Vitelline veins much as in preceding stage (No. 22). 
A recurrent branch from subintestinal and left vitelline vein passes dorsally to upper surface of gut, and 
thence forward to the right of the pancreas until almost meeting right vitelline vein. Subintestinal vein 
bifurcated posteriorly; its branches form a loop around cloaca, meeting on its dorsal surface to form a 
short caudal vein. 


Ventricle lies mainly ventral to atrium. Atrio-ventricular canal connects anterior ends of atrium and ventricle 
— it descends directly downward and is sharply constricted. Sharp constriction also between sinus 
venosus and atrium. Splanchnic and somatic mesoderm lying on either side of sinus venosus fused for 
200 u. antero-posteriorly (by sections). — Four aortic arches completely formed, fifth in process of formation. 
Aorta much dilated in region of fifth arch, bifurcated from level of posterior end of vagus forward. Two 
roots to vitelline artery, first root three times diameter of second. — Vena capitis medialis dilated above 
optic cup to form orbital sinus. Lies mesial to trigeminal, facial, glossopharyngeal, and vagus nerves, and 
otocyst. Communicates with anterior cardinal proper by two channels at level of vagus. Three segmental 
veins connect with anterior cardinal behind this junction. Common cardinals lie at level of solid oeso- 
phagus. Posterior cardinals extend backward to twentieth mesonephric tubule. Right and left vitelline 
veins communicate, posterior to pancreas. Right vitelline vein about half the size of left. 


Heart much as in preceding stage (No. 24). — Five aortic arches. Vitelline artery arises from two roots, 
anterior root slightly the smaller. Anterior cardinals and vitelline veins similar to those of preceding 
embryo (No. 25). Posterior cardinals lie mesial to Wolffian ducts: become extremely irregular posteriorly. 
Cannot be traced beyond thirtieth mesonephric tubule. 


Heart much elongated, ventricle projects far posterior to atrium. A constricted neck between atrium and 
sinus venosus. Walls of ventricle and bulbus much increased in thickness. Pericardial cavity closed from 
coelom dorsally, except for a narrow slit 230 u. long (by sections) lying to either side of the posterior part 
of the oesophagus. — Five anterior aortic arches complete. Dorsal and ventral sprouts almost meet to 
form sixth. First aortic arch much reduced in size at its base, but dilated below first gill slit. Small 
sprouts from upper ends of second, third, and fourth arches represent anlagen of afferent branchial arteries. 
Each sprout divides into a ventral and a dorsal limb. Capillaries from ventral limb of afferent vessel of 
second arch extend into till filaments. 


ic 
ds 
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Median fold approximately as in preceding stage (No. 19), its free edge a little 


- line, epithelium two-layered. Posteriorly, the fold is as in preceding stage. Mes- 
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Extremities 


Remarks 


broader than base. Ventral fold higher than dorsal, extends anteriorly to cloaca. 


Dorsal median fold 20 u high in trunk region, 40 u high in cloacal region. A little 
mesenchyma between dorsal surface of cord and skin ectoderm in anterior and 
middle trunk region. 


Ectoderm of the sides of median fold separated a little anteriorly. Mesenchyma 
between dorsal surface of cord and skin ectoderm in anterior half of tail region. 
Posteriorly as in preceding stage. Fold highest over and of tail. 


Much as preceding stage (No. 22). In tail region, dorsal fold 40 u high, ventral 
fold 80 u high. 


Ventral fold two to three times as high as dorsal. Anterior part of dorsal fold 
broadly V-shaped in cross section. Mesenchyma forms a slightly condensed mass 
between the ridge and dorsal wall of neural tube. On either side of the median 


enchyma at base of ventral median ridge, condensed and increased in amount. Pectoral 
fin fold appears externally as a rounded horizontal ridge about 1.o mm. in length, 
lyingljust posterior to branchial plate. Epithelium two-layered in this region. Con- 
siderable mesenchyma lying between it and body cavity mesothelium. Ventral ends 
of somites extend to dorsal end of fold. Somites enlarged at this point, with small 
ateral diverticula which represent beginning of primary muscle buds. 


Pectoral fin fold approximately I mm. long, the posterior end directed a little 
ventrally. Middle three-fifths of the distal edge bent sharply ventrally. Epithelium 
much thickened over this edge. Mesenchyma increased in amount and much con- 
densed. Ventral ends of somites extend into dorsal third of fin fold. 


Anlagen of anterior and posterior dorsal fins as elevations of median fin fold. 
Between elevations, median fold much flattened. Pectoral fin approximately 1.5 mm. 
in length, its posterior end best defined and curved a little ventrally. Distal border 
increased in thickness. Distal edge turned sharply ventrally along most of its 
length. Epithelium two layered, inner layer of high columnar cells. Mesenchyma 
much thickened distally. Muscle buds expanded distally; anterior ones joined together 
by constricted mesothelial processes. Beginning of division of primary buds into 
secondary dorsal and ventral buds. 


Reconstructed, j 
Fig. 9. General structure of head and pharyngeal region 
Fig. ı9. Head somites. 


Reconstructed. 

Fig. ı0. General structure. 

Cleared specimens of same stage used in preparation of descriptions of 
heart and brain. 


Reconstructed. 

Fig. II. General structure of anterior half of embryo. 

Fig. 20. Head somites. 

Cleared specimens of same stage used in preparation of descriptions of 
heart, brain, and somites. 


Reconstructed. 

Fig. 12. General structure of anterior half of embryo. 
Cleared and dissected specimens of same stage used in preparation of 
descriptions of heart, brain, digestive tract and somites. — Mouth described 
from specimen of same stage, but not of series. 


Literature: MINOT, C. S., IgoI, Morphology of the pineal region, based 
upon its development in Acanthias. Amer. Journ. Anat., 
I, 81—98, 14 figs. 
Woops, F. A., I902, Origin and migration of the germ cells 
in Acanthias Amer. Journ. Anat., I, 307—320. 


Cleared and dissected specimens of same stage used in preparation of| 


descriptions of heart, brain, and digestive tract. | 


Reconstructed. 
Fig. 13. General structure. 
Fig. 14. Aortic arches. 
Cleared and dissected specimens of same stage used in preparation of 
descriptions of heart, brain, and digestive tract. — Mouth described trom 
specimen of same stage, but not one of series. — External appearance 
of lateral line system described from specimen of same stage, but not one 
of series. | 
Fig. 21. Digestive tract and heart of dissected specimen of same 
stage. 


Literature: MınoT, C. S., 1901, Morphology of the pineal region. 
Journ. Anat. 

Woops, F. A., 1902, Origin and migration of the germ cells 

in Acanthias. Loc. cit. 
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No. | Designation Size Preparation Data Body Form Somites 
27 | a) H.E.C. 203 Embryo a) Fixative: Aceto-corrosive. Fore-brain region flexed posteriorly. Mid- | Segmented mesoderm extends to tip of tail, last 
18.0 mm. Section: Transverse, IO ». brain swelling projects anterior to cranial|four or five somites undifferentiated. Myocoel 
Stain: Borax carmine. edge of fore-brain: overhangs ’twixt-brain |confined to dorsal and ventral ends of somites 
b) H.E.C. 204 b) Fixative: Aceto-corrosive. region slightly. Mid-lateral line extends al-|in trunk region. Numerous myofibrils, a few of 
Section: Sagittal, IO u. most to tail. Prominent cloacal protuber- them apparently faintly cross striated. Anterior 
Stain: Borax carmine. ance. somites show distinct rraaoh of ventral “hypo- 
c) H.E.C. 205 c) Fixative: Aceto-corrosive. glossus musculature’” processus. 
Section: Frontal, Io u. 
Stain: Borax carmine. 
28 |a) H.E.C. 1494| Embryo |a) Fixative: Aceto-corrosive. Fore-brain swelling directed a little an-| Outline of somites (as see externally) flatly 
a) 20.6 mm. Section: Transverse, IO u. teriorly. ’Twixt-brain region obscured by E-shaped. In region of pectoral fin, somites 
Stain: Iron haematoxylin, Congo the growth of fore. and mid-brains. Mid-|extend into ventral wall of body cavity. In mid- 
red. brain and hind-brain swellings separated by trunk region, somites extend through dorsal 
b) H.E.C. 1493 | b) 2I.o mm. | b) Fixative: Aceto-corrosive. a shallow groove. Prominent pelvic fin |half of lateral walls of body cavity. A very 
Section: Sagittal, IO u. folds. Lateral line placode extends to level | small cavity in ventral and dorsal tips of somites. 
Stain: Iron haematoxylin, Congo | of pelvic fins. Division of somites into epiaxial and hypoaxial 
red. portions by a deep groove in the external sur- 
face at the mid lateral line. Dermatome distinct 
dorsally and ventrally, but broken down for some 
distance on either side of mid lateral line. Myo- 
blasts distinetly cross striated. Last five or six 
pairs of somites undifferentiated. 

29 H.E.C. 1492 Embryo |Fixative: Aceto-corrossive. Much like preceding embroyo (No. 28).|Somites in mid-trunk region extend nearly to 

24.7 mm. |Section: Transverse, 12 x. Fore-brain swelling, projects a little more | bases of lateral walls of body cavity. In same 
Stain: Iron haematoxylin, Congo red. | anteriorly. Depression between mid-brain |region, dermatome distinct only in dorsal third 

swelling and hind-brain deeper. Lateral| of epiaxial portion of segment and ventral three- 

line placode extends to middle of caudal | fourths of hypoaxial portion. Small cavities in 

fin. extreme dorsal and ventral ends of somites. Last 

six(?) pairs of somites but slightly differentiated. 

30 |a) H.E.C. 1357 Embryo |a) Fixative: Aceto-corrosive. Much like preceding embryo (No. 29). Fore- |Epiaxial and hypoaxial musculature almost di- 

28.0 mm. Section: Transverse, IO y. brain swelling projects farther forward. |vided. Dermatome distinguishable in approxi- 
Stain: Iron haematoxylin, oran- | Depression between mid-brain and hind- | mately dorsal fifth of epiaxial, and ventra) two- 
ge G. { brain swellings less marked. thirds of hypoaxial portion of somite in mid- 
b) H.E.C. 233 b) Fixative: Picro-sulphuric. trunk region. 
Section: Sagittal, 20 ». 
| Stain: Alum cochineal. 
KFO)SELE:G2 22T c) Fixative: Picro-sulphuric. 
Section: Frontal, 20 u. 
| Stain: Alum cochineal. 

31 | a) H.E.C. 202 Embryo |a) Fixative: Aceto-corrosive. Fore-brain swelling directed downward. | Arrangement of muscle bundles into cones quite 
| 34.0 mm. Section: Transverse, 20 y. Mid-brain swelling extends forward but |distinct. Epiaxial and hypoaxial musculature 
| Stain: Borax carmine. little beyond it. almost completely separated. Muscle plates ex- 

b) H.E.C. 362 b) Fixative: ZENKER’S fluid. tend ventrally until nearly meeting in median 
Section: Sagittal, 14 ». ventral line. The dorsal and ventral tips of 
| Stain: Alum cochineal. myotome and dermatome are still epithelial. No 
c) ELE:CHT786 c) Fixative: Aceto-corrosive, myocoel in tips of somites in trunk region. 
| Section: Frontal, 20 v. 
Stain: Borax carmine, iodine green. 

32 | a) H.E.C. 363 Embryo |a) Fixative: ZENKER’s fluid. Main divisions of brain obscured by in-| Muscle cones more compactly arranged than in 
| 37.0 mm. Section: Transverse 20 np. crease of mesenchyma in head region. preceding stage (No. 31). Ventral epithelial tips 
| Stain: Alum cochineal. Short broad rostral process projects for-|of somites smaller. Dorsal epithelial tips obli- 

b) H.E.C. 176 b) Fixative: Aceto-corrosive, ward from ventral surface of head. An- |terated in trunk region, anterior to point a little 
Section: Sagittal, 20 u. lagen of dorsal fin spines. behind posterior dorsal fin. 
Stain: Alum cochineal. 

c) H.E.C. 353 c) Fixative: Picro-sulphuric. 


Section: Frontal, 14 u. 
Stain: Alum cochineal. 
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Head-Somites 


Notochord, Subnotochordal Rod, Axial Skeleton 


Ectoderm in 


early Stages 


| 


No. 


Much like preceding stage 
(No. 26). 


Anterior somite appears as 
a slightly thickened mass of 
mesenchyma between pre- 
mandibular somite and optic 
vesice. Median stalk of 
premandibular somite very 
slender, perforated by a 
minute lumen. Lumen of 
hyoid somite obliterated; 
external and dorsal surfaces 
mesothelial, median and ven- 
tral surfaces fibrous. Middle 
third of hyoid somite (anlage 
of external rectus) extends 
ventrally and laterally to 
dorsal wall of optic vesicle. 


Anterior somite entirely ob- 
literated. Cavity of pre- 
mandibular somite, except 
for lateral-ventral angle, fil- 
led with loose mesenchyma. 
Outline of premandibular 
somite barely distinguish- 
able. Superior oblique di- 
stinctly cross striated. Ad- 
ductor mandibulae faintly 
crossstriated. Inferiorrectus, 
inferior oblique, and muscle 
“F” fibrous. 


Outlines of lateral portions 
of premandibular somite en- 
tirely obliterated. Median 
portion present as a small 
fibrous cord lying between 
infundibulum and recurved 
part of notochord. Cavity 
of mandibular somite ob- 
literated. Inferior rectus, in- 
ternal rectus, inferior ob- 
lique and adductor mandi- 
bulae muscles distinctly 
cross striated. 


Anterior end of notochord recurved for 50 u. (by sections), ending 40 u. anterior to hypophysis. The tip is separated 
from the median stalk of premandibular somite by a small cushion of cells containing many vacuoles. Mesenchyma 
slightly thickened about notochordal sheath in trunk region. — Subnotochordal rod one-eighth diameter of notochord 
in trunk region. — Parachordals represented by a very slight condensation of mesenchyma on either side of noto- | 
chord, extending from anterior end of otocyst to glossopharyngeal nerve. This thickening extends laterally to 
mesial edges of ganglia. 


Notochord recurved anteriorly for I00 u, recurved portion very small. Division of sheath into elastica interna and 
externa. Mesenchyma much condensed about notochord, condensations on dorso-lateral angles to form neural 
arches. — Subnotochordal rod extends anteriorly to anterior limit of mouth, separated from notochord by little 
mesenchyma in pharyngeal region. One-fifteenth diameter of notochord in trunk region. — Parachordals extend 
forward to anterior edge of root of trigeminal nerve, posteriorly become indistinguishable from anlagen of neural | 
arches. Mesenchymous in anterior fourth, precartilaginous posteriorly. Expanded laterally at otocyst. Beginnings | 
of mesial and lateral processes about base of otocyst. First anlagen of alisphenoids as slight condensations of, 
mesenchyma, extending from hypophysis to basal zone of hind-brain. Mandible, hyoid, and first branchial arch 
indicated by masses of slightly thickened mesenchyma. 


Notochord nearly 0.5 mm. in diameter in anterior trunk region. Sheath as in preceding stage (No. 28). Neural arches 
in trunk region precartilaginous, extending dorsally to the middle of the spinal cord. Haemal arches represented 
by thin condensations of mesenchyma on either side of ventral half of notochord. Ribs represented by masses of 
thickened mesenchyma which extend laterally to mesial edge of somites. — Subnotochordal rod extends from second 
gill slit backward beyond cloaca. About one-twentieth dıameter of notochord in trunk region. Surrounded by a 
definite non-cellular sheath. — Parachordals slightly expanded where joining alisphenoids. Posterior to exit of 
trigeminal nerve, appear in cross section as thin plates lying on either side of notochord, continuous with the 
thickened mesenchyma surrounding it. About as broad and one-sixth as thick as notochord. In region of otocyst, 
parachordals wedge-shaped in cross section, thicker portion lying laterally. Processes from parachordals extend 
dorsally on internal and external walls of otocyst, forming base of periotic capsule. Remainder of periotic capsule 
represented by thickened mesenchyma. Alisphenoids extend forward on either side of brain as thickened mes- 
enchymal processes, as far as anterior edge of optic 1% Bases of alisphenoid plates precartilaginous posteriorly, 
end ventrally abruptly at level of oculomotor nerve. Posterior to this point they gradually slope inward, joining 
parachordals between exits of trochlear and trigeminal nerves. A thickened plate of mesenchyma, lying just below 
telencephalon, represents the rostrum. Posterior to the optic nerve, this plate is divided into two parts (the trabe- 
culae), which extend upward on either side of infundibulum, and end ın a precartilaginous thickening at dorsal 
surface of infundibulum. Slight thickenings beneath each optic cup represent ethmoid processes. Mandible, 
including processus palatino-basalis outlined in densely thickened mesenchyma, extends forward beyond posterior 
end of infundibulum. Hyoid and all branchial arches outlined in densely thickened mesenchyma. 


Notochord in trunk region approximately 0.5 mm. in diameter. Sheath 5 u thick. Neural arches distinct con- 
densations of mesenchyma, triangular in cross section, extending dorsally to middle of cord. Beginning of trans- 
verse processes as flattened thickenings of mesenchyma on ventral half of each side of notochord. Ribs ill defined 
thickenings of mesenchyma confluent with transverse processes proximally and extending distally to mesial edge 
of somites. — Parachordals much the same as in preceding stage (No. 29), extending somewhat farther laterally. 
Outer wall of otic capsule extends almost to dorsal surface of otocyst. Outer and inner walls attached to para- 
chordals along middle third of capsule, and fused before and behind, enclosing otocyst. Alisphenoids much as in 
preceding embryo (No. 29) except that a larger portion of plates has become precartilaginous. Ventral processes 
of thickened mesenchyma extend downward on either side of diencephalon, half way to optic nerve. Rostral process 
faintly outlined in thickened mesenchyma; extends forward to anterior edge of nasal pit. Posterior to rostrum, 
trabeculae pass upward on either side of infundibulum, ending in slight enlargements just below parachordals. 
Posterior portion of trabeculae precartilaginous. Position of mandibular, hyoid, and first branchial arches indicated 
by condensations of mesenchyma. 


A definite layer of sheath cells between inner 
arches much as in preceding stage (No. 30). 


and outer elastic sheaths of notochord dorsally and ventrally. Neural 
Transverse processes extend farther laterally. Rib anlagen attached 
to transverse processes by constricted mesenchymal thickenings. In mid-trunk region, ribs extend distally to inner 
edge of lateral ramus of vagus. — Subnotochordal rod, in trunk region, approximately one thirty-fifth diameter of 
notochord. — Alisphenoids extend upward over ventral two-thirds of mesencephalon. Precartilaginous ventrally, 
mesenchymous dorsally. Mesenchymous ventral processes from alisphenoids extend downward to level of optic 
nerve. Rostrum widely expanded, composed of thickened mesenchyma; extends forward to nasal pits. Ethmoid 
process represented by faint condensation of mesenchyma which extends as far forward as nasal pits; fused posteriorly 
with rostrum below eye. Constriction between rostrum and trabeculae proper very marked in region of optic 
chiasma, the connecting plate hardiy wider than the neural tube above it. Trabeculae separate a short distance 
behind optic chiasma. Posterior ends of trabeculae extend upward on either side of hypophysis almost meeting para- 
chordals, but not fused with them. Trabeculae precartilaginous posterior to optic chiasma. Mandibular, hyoid, and 
first three branchial arches outlined in thickened mesenchyma. 


Neural arches and transverse processes 


In trunk region, two or three layers of elongated notochordal sheath cells. 
trunk region. Intercalary plates in- 


precartilaginous. A thin layer of precartilage surrounds notochord in anterior 
dicated by thickenings of mesenchyma? kibs precartilaginous proximally: extend outward to lateral edge of 
musculature. — Subnotochordal rod barely distinguishable. — Alisphenoids meet over mid- and hind-brain. Their 
dorsal two-thirds thickened mesenchyma, remainder precartilage. Supraorbital ridge outlined in thickened mes- 
enchyma. Rostrum extends forward to anterior edge of optic cup, forming a broad flat plate anteriorly and con- 
stricted to a narrow bar posteriorly. Trabeculae, except for posterior tips, fused along median line. Posterior ends 
fused with parachordals, thus enclosing caudal end of hypophysis. Visceral arches precartilaginous. Processus 
palatino-basalis of mandibular arch separated from trabeculae only by a little mesenchyma. 
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Brain, and Cephalic Nerves 


nn 


Hypophysis and Infundibulum 


Cranio-caudal diameter of telencephalon almost twice vertical. Cranial end of telencephalon curved a 
little upward over diencephalon. A narrow peripheral layer of ectoglia dorsal and posterior to optic stalks. 
A few fibers in periphery of chiasma. Velum transversum 0.3 mm. in length at median line. Pinealis 
0.1 mm. in length, dilated a little distally. Posterior and superior commissures as in preceding stage (No. 26). 
Mesencephalon nearly circular in section. Walls a little thickened ventrally. A narrow peripheral zone 
of ectoglia in ventral third of walls. Hind-brain much as in preceding stage. — Distinct superficial oph- 
thalmic ramus of trigeminus arising. near root of nerve. Mandibular and maxillary rami of trigeminus 
extend to bases of respective processes. Superficial ophthalmic ramus of facial extends forward as far 
as anterior edge of fore-brain. Hyomandibular division of facial-acoustic ganglion connected with general 
mass only at anterior end. Hyoid ramus extends to base of hyoid arch. Four branchial rami of vagus. 
Lateral line ramus extends posteriorly to level of pectoral fin. 


Cranio-caudal diameter of telencephalon almost twice vertical. Walls nearly 0.2 mm. thick. Peripheral 
ectoglic layer throughout telencephalon — thinnest in anterior wall. Formation of cinerea above and 
anterior to origin of olfactory nerve. Distinct though low paraphysis. Velum transversum 0,65 mm. in 
length at median line. Anterior wall twice as thick as posterior. Walls separated by layer of vascular 
mesenchyma. Distinct postvelar arch, with walls nearly in contact. Pinealis nearly 0.3 mm. long, ex- 
tending backward over roof of diencephalon. Expanded distally. Small anterior commissure, Posterior 
commissure much larger. Ganglion habenulae differentiated. Differentiation of cinerea in ventral zone 
of mesencephalon. Tractus habenulo-peduncularis differentiated? A distinct bundle of fibers (tractus 
olfactorius habenularis?) pass from superior commissure ventrally and posteriorly half way to the optic 
chiasma. Fasciculus longitudinalis posterior can be traced throughout greater part of medulla. Tractus 
ascendens trigemini extends forward 200 u anterior to origin of nerve. Tractus descendens can be traced 
| posteriorly to .origin of facial nerve. — Trochlearis present; extends downward beyond base of mes- 
encephalon. Divisions of facial-acoustic ganglion only connected at origin of ganglion. Lateral line 
ramus of vagus extends posteriorly almost to caudal fin. 


Telencephalon much expanded laterally. Lateral walls at level of origin of olfactory nerve 0.3 mm. thick. 
Choroid plexus indicated by two distinct but small folds — a few mesenchymal cells between walls of 
folds. Cinereal layer throughout walls of telencephalon. Pinealis 0.5 mm in length (by sections). Lumen 
of stalk occluded at base for 50 u (by sections). Cerebellar anlagen much thickened on either side of 
median line with formation of cinerea. Lobus lineae lateralis forms a distinct projection of the inner wall 
of hind brain; bounded ventrally by a shallow groove. A very slight longitudinal groove separates the 


fasciculus longitudinalis medialis and lobus visceralis. Differentiation of reticularis throughout medulla. 
Many fibers in anterior part. 


Beginning of lateral ventricles as very shallow broad diverticula from the ventral part of fore-brain 
vesicle. Lateral walls of telencephalon almost 0.5 mm. thick; ependymal layer occupies inner half of 
wall. Recessus neuroporicus a narrow slit, the walls of which are in contact ventrally. A narrow band 
of longitudinally directed fibers lies on either side of the choroid plexus in the upper part of the posterior 
wall of telencephalon. Lateral plexus in cross section twice as high as broad, each containing a single 
blood vessel. Paraphysis appears externally as a distinct fold in dorsal half of diencephalon. Velum 
transversum 0.8 mm. long at median line. Anterior wall three times as thick as posterior. Anterior and 
superior commissures as in preceding stages (No. 28, 29). Pinealis 0.7 mm. in length. Expanded distally; 
no lumen in proximal portion of stalk. Wall of mesencephalon thickened ventrally. Slight differentiation 
of cinerea in ventral zone, into outer and inner layers. Myelencephalon expanded anteriorly, walls lying 


almost in coronal plane. — Short palatine ramus ot glossopharyngeal nerve, and pharyngeal rami of vagus. 
Intestinal ramus of vagus extends posteriorly to stomach. 


Telencephalon extends forward almost to anterior border of mid-brain. 
trally. Cinerea separated laterally into inner and outer layers. Ependymal layer occupies inner third of 
wall. Lateral plexes extend 0.3 mm. into ventricle; free edges expanded but not convoluted. Pinealis 
and velum transversum each approximately I mm. in length at median line. Paraphysis extends forward 
a little over roof of telencephalon. Ventral half of walls of mesencephalon greatly thickened. Deep 
broad median fissure. Cinerea in ventral zone divided into an inner dense, and an outer lighter zone. 
Dorsal longitudinal fasciculi clearly differentiated in posterior part of mesencephalon, lying on either side 
of median groove. Interpeduncular ganglion differentiated in outer zone of cinerea. Beginning of 
formation of valvula of cerebellum. Longitudinal grooves in floor of medulla deeper and more distinct 
than before. Lobus lineae lateralis in most prominent part almost semicircular in cross section. 


Lateral wall 0.5 mm. thick ven- 


Telencephalon much flattened dorso-ventrally; extends forward as far as anterior wall of mesencephalon. 
Lateral walls much thickened (nearly 0.5 mm. in section) ventrally. Ependymal layer occupies approxi- 
mately inner fourth of wall. Cinerea dividing into an inner and outer layer. Recessus neuroporicus a 
deep pit, directed a little dorsally and extending half through the brain wall. Choroid plexus elongated 
and convoluted; expanded distally, secondary folds arising from primary one. Paraphysis expanded 
distally, extending forward on roof of telencephalon. Velum transversum I.o mm. in er at median 
line — its free edge much thickened. Pinealis nearly ı mm. in length, 150 u in diameter distally. Stalk 
small, with lumen occluded at proximal end. Ventral zone of mesencephalon much thickened. Cinerea 
| divided into inner and outer layers. 


Recessus infundibuli a distinct depression, semi- 
elliptical in sagittal section, extending dorsally a 
little on cranial end of hypophysis. Lateral edges 
of anterior part of hypophysis invaginated. 


Walls of recessus infundibuli and recessus mammil- 
laris separated by a deep external groove. Recessus 
infundibuli expanded laterally, the middle three-fifths 
of its cavity connecting with ventricle. Anterior 
part of hypophysis closed off, in the main, from 
mouth, thus forming a shallow sac which extends 
forward nearly to chiasma swelling. Posterior part 
of hypophysis as in preceding stage (No. 27). Distal 
end expanded laterally. 


Hypophysis connected with mouth by narrow stalk, 
250 u. in length (by sections) and 50 u in diameter. 
Stalk contains minute lumen. Dorsal end of hypo- 
physis greatly expanded, and divided into a median 
and two lateral sacculations — the median sac- 
ceulation in contact with recessus infundibuli. 


Transverse diameter of sacculus (recessus) infundi- 
buli 0.8 mm. Median half connected with brain. 
Ridge between recessus mammillaris and sacculus in- 
fundibuli much reduced in height. Hypophysis con- 
nected with oral epithelium by a stalk 60 y. in 
diameter, in which a lumen is barely visible. Slight 
lateral constriction between anterior and posterior 
lobes. Distal end of posterior lobe saccu ated, as 
described for preceding embryo (No. 29). 


Ridge between infundibular and mamillary recesses 
obliterated. Distinct peripheral band of ectoglia in 
tuberculum posterius. Stalk of hypophysis 30 u in 
diameter — lumen obliterated. 


Infundibulum as in preceding stage (No. 31). Marked 
lateral constriction between anterior and posterior 
lobes of hypophysis. Hypophysis stalk a slender, 
twisted column of cells, 0.2 mm. in length, con- 
taining no lumen. 
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Spinal Cord, Spinal Nerves, Sympathetic 


Eye 


Nose 


Cord in trunk region ovoid in cross section — broadest 
ventrally. Vertical diameter from 0.25 to 0.30 mm. 
Transverse diameter five-sixths of vertical. Cord ends 
posteriorly by tapering to a point. A distinct lateral 
peripheral band of ectoglia which is broadest ventrally. 
Differentiation of nuclear zone as in preceding stage 
(No. 26). Spinal nerves extend to middle of pectoral 
fin fold, and to dorsal edge of pelvic fin fold. In 
cardiac region, dorsal rami extend nearly to dorsal 
edges of somites. 


Cord throughout trunk and cardiac region almost cir- 
cular in cross section — about 0.30 mm. in diameter. 
Ectoglia layer from 20 to 40 u in thickness in trunk 
region. Oval bundle differentiated. Slight differentiation 
of lateral longitudinal fasciculus, and division of cinerea 
into dorsal and ventral columns in cardiac region. A 
very narrow ventral commissure in anterior trunk 
region. Many giant cells in cardiac region. Sympa- 
thetic ganglia, masses of darkly staining cells lying on 
dorsal surface of cardinal veins, and connected with 
spinal nerve trunks by short ganglionic cords. 


Transverse diameter of cord from 0.4 mm. to 0.5 mm. 
In pharyngeal and cardiac regions, cord almost circular 
in cross section. In remainder of trunk, broadly oval, 
with vertical diameter approximately three-fourths of 
transverse. In anterior part of tail, transverse and 
vertical diameters about equal. Canal twice as broad 
ventrally as dorsally in anterior trunk region. Division 
of cinerea into dorso-lateral and ventral columns. 
Lateral longitudinal fasciculus a distinct oval bundle 
throughout trunk region. Narrow ventral commissure 
throughout trunk region. 


Greatest transverse diameter of cord in trunk region, 
0.4 mm. Vertical diameter four-fifths of transverse. 
Vertical diameter of canal approximately five times 
transverse. Canal slightly expanded at dorsal and 
ventral ends, and in the exact middle. Roof plate 
about half the diameter of floor-plate. Twenty-five (?) 
giant cells in cord, anterior to level of duodenum — 
none behind this region. Oval bundle and ventral 
commissure more definite than in preceding stage. 
Dorsal ganglionic commissure, connecting vagus, spino- 
occipital ganglia and first spinal ganglion, has dis- 
appeared. 


Transverse diameter of cord in anterior trunk region 
0.5 mm. Vertical diameter four-fifths of transverse. 
Läteral longitudinal fasciculus sharply marked off — 
about 40 u. in diameter in cross section. Many glia 
cells in ectoglia of ventral funiculus. 


Cord in cardiac region broader ventrally than dorsally. 
0.6 mm. to 0.7 mm. in transverse diameter — vertical 
diameter about four-fifths of transverse. In trunk region, 
cord 0.4 to 0.5 mm. diameter — vertical diameter about 
two-thirds of transverse. Beginning of dorsal closure 


of canal in cardiac region. Many glia cells in ventral 
In cardiac region, a slight separation of 


funiculus. 


dorsal column of cinerea layer into dorsal and lateral 
columns. i 
thickness. 
region. 


Ventral white commissure nearly 40 y. in 
Numerous dorsal giant cells in cardiac 


Greatest breadth of lens 0.38 mm, greatest thickness 
0.25 mm. Lateral surface moderately, mesial surface 
barely convex. Mesial wall 150 y, lateral wall 30 u 
thick. Nuclei gathered in outer two-thirds of mesial 
wall. Less lentic cavity than in preceding embryo. 
Optic cup 0.75 mm. in diameter. Pars coeca bent cen- 
trally for ı5 u. Thickness of walls as in preceding 
stage (No. 26). A few division figures in outer angle of 
cup. 


Breadth of lens 0.92 mm., thickness 0.66 mm. Curvature 
of lateral surface somewhat more than hemispherical. 
Mesial surface almost flat. Lentic cavity nearly obli- 
terated. Mesial wall forty times as thick as lateral. 
Lentic fibers decidedly converged. Greatest diameter of 
optic cup I.4 mm. Thickness of retinal wall ı5o u, of 
chorioid wall I5 u. Optic stalk 150 y in diameter. Optic 
nerve fibers in distal part of stalk, anterior to chorioid 
cleft. Hyaloid artery and mesenchyma project well into 
optic cup. 


Lateral surface of lens decidedly rounded; mesial almost 
flat. Lateral and mesial surfaces join almost at right 
angles.. Breadth of lens 1.4 mm., thickness I.I mm. 
Lentic cavity obliterated. Retinal layer of optice cup 
twelve times as thick as chorioid. A little mesenchyma 
between lower border of the pars coeca and skin. Optic 
stalk contains many fibers posteriorly. 


Lateral surface of lens fully rounded, posterior curvature 
Hatly rounded. Breadth of lens 1.4 mm., thickness 0.9 mm. 
Retinal layer of cup 215 u, chorioid layer 15 u thick. 
Differentiation between pars coeca and pars optica a 
little more marked than in preceding stage (No. 29). 
Pars coeca 230 u in length, slightly folded on mesial 
surface. A trace of pigment in outer layer. Considerable 
mesenchyma between ventral border of pars coeca and 
skin. Cavity of optic stalk still present in anterior 
portion, obliterated posteriorly by optic fibers. Vascular 
mesenchyma enters by chorioid fissure, extending into 
optic cup as far as ventral surface of lens. 


Mesial surface of lens a little more rounded than in pre- 
ceding stage. Breadth 1.7 mm., thickness I.4 mm. Pars 
coeca longer, slender, but no more corrugated than in 
preceding stage (No. 30). Pigment extends from distal 
tip of pars coeca a little past point where iris process 
goes over into retina proper. Optic stalk obliterated 
by fibers except for 20 u anteriorly. A thick band of 
mesenchyma between base of pars coeca and skin. 


Little change from preceding stage (No. 26). 27 


Nasal pit shallow caudally and mesially. In-| 28 
vaginated at cranial end forming a pouch | 
200 „ in length (by sections). End of pouch 
expanded mesially and laterally — lateral en- | 
largement is slightly the larger and extends 


farther anteriorly. 


Nasal sacs 240 u in length (by sections). Di-| 29 
vision into lateral and mesial chambers has 
proceeded much farther. Mesial chamber much. 

the larger, extending twice as far anteriorly 

(144 », by sections) as lateral. Two sets of 
Schneiderian folds, one in mesial chamber 
(three folds), one in lateral chamber (seven 
folds). Diameter of largest fold at base 45 u 
height 60 u. Both epithelium and mesenchyma 
involved in folds. 


| 
| 


Four or five Schneiderian folds in median| 
series, twelve or thirteen in lateral. Height 
of largest fold 105 u, width 30 u. Anlagen of 
nasal valves appear as slight thickenings of 
edges of nasal pit. 


30 


| 

| 
Eleven Schneiderian folds in mesial series, | 
nineteen in lateral series. Bases of valves 
more distinctly marked off from pit wall than 
in preceding stage (No. 30). Mesial flap of 
nasal valve slightly overlaps lateral. 


[97 


Mesial chamber lies almost entirely anterior, 3 
to the lateral. Little if any increase in number 

of Schneiderian folds. Largest fold (lateral| 
series) 60 u. wide and 225 u high. Nasal flaps 
slightly constricted at their bases; mesial flap 
overlaps lateral. 
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Integument, Lateral Line 


Mouth 


Archenteron 


N 
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| Vertical diameter of otocyst about. three-fifths of 
length. Middle third of floor expanded, forming a 
|broad shallow pouch (sacculus?). A shallow vertical 
| groove on mesial surface of otocyst, midway between 
anterior and posterior ends. 


28 |Sacculus a distinct thick-walled pouch from lateral 
side of posterior end of otocyst: Posterior end of, 
lateral canal-pocket lies immediately above sacculus; 
| marked off from utriculus above by a distinct groove; 
projects a little ventrally and posteriorly. Posterior 
canal-pocket a distinct pouch arising from the mesial 
surface of the otocyst, posterior to ductus endo- 
Iymphaticus; and projecting backward 120 u beyond 
posterior edge of lateral pocket. Ductus endo- 
Iymphaticus arises from dorsal third of mesial sur- 
face of otocyst, midway between anterior and pos- 
terior ends. Extends dorsally to roof of hind-brain, 
then turning at right angles extends posteriorly 
200 u. before fusing with epithelium of skin. 


29 |Sacculus flask-shaped in cross section, projecting 

posteriorly as a blind sac. Anteriorly, connected 
with utriculus. Lined with very high ciliated (?) epi- 
thelium. Antero-lateral and posterior canal-pockets 
enlarged distally. 


Anterior four-fifths of sacculus connected with 
utriculus by a stalk which is a little constricted 
|transversely. Ventral half of lateral canal-pocket 
|separated from utriculus. Posterior end projects 
|backward as a blind pouch. Posterior half of poSs- 
| terior canal-pocket separated from utriculus — cur- 
| ved a little laterally. Anterior canal-pocket not as 
| distinct as posterior and lateral. Horizontal limb of 
ductus endolymphaticus 250 u in length (by sections). 


30 


31 |Anterior canal separated from pocket dorsally, lies 


Integument composed of an inner layer of cuboidal or 


Epithelium of lower half of lateral surfaces, and ven- 


cuboidal, and an outer layer of exceedingly squamous 
cells. In head region, ventral to optic vesicles, two 
layers of cuboidal cells, — along ventral median outer 
layer high columnar. Dorsal to supra orbital placode, 
a single layer of squamous cells. Lateral line placode 
extends posteriorly to pectoral fin. 


Epithelium composed of an inner layer of cuboidal or 
columnar cells, and an outer layer of squamous cells. 
A_definite basement membrane present. Outer layer 
of cells markedly thickened (columnar) on ventral sur- 
face of head, mesial and anterior to olfactory pits, 
forming a rostral plate, thelateral and posterior bound- 
aries of which are distinguishable in external view. 
Supraorbital placode and lower part of postorbital 
placode visible in external view. Lateral placode ex- 


tends posteriorly to level of cloaca. (See note under 
remarks.) j 


Epithelium much as in preceding stage (No. 28). Mes- 
enchyma a little condensed below it. Outer cells of 
rostral plate about twice as high as those of inner 
layer. Viewed externally, supraorbital canal arises 
over middle of eye and is continuous ventrally with 
ethmoid canal. Ethmoid canal turns sharply mesially 
and joins angular canal below nasal pits. Praeoral 
canals continuous with angular and ethmoid; do not 
meet at median line. Angular canals turned mesiall 
at posterior ends, extending inward a little beyond 
angle of mouth. — Postorbital canal does not extend 
dorsally beyond lower edge of eye. Lateral placode 
extends to middle of caudal fin. 


Epithelium much as in preceding stage (No. 29) — outer 
layer of cells more squamous. Cells of outer layer 
of rostral plate apparently degenerating. In sections, 
ampullae appear in rostral plate as clusters of cells 
arranged like those of taste-buds. Outlines of rostral 
plate, as viewed externally, indistinct. Viewed ex- 
ternally, supraorbital canal extends posteriorly to above 
last gill slit. Postorbital canal joins supraorbital posterior 
to eye. 


tral surface of trunk, composed of an inner layer of 


y|bases of mandibular processes. 


Mouth opening as in preceding 
stage. Frontal process broader, 
projecting a little more from the 
head than in preceding stage (No.26). 


Mouth opening broadly oval in out- 
line, broader than long. Maxillary 
and mandibular processes meet ät 
an angle of nearly 100°. Anterior 
ends of maxillary processes much 
enlarged — separated by a shallow 
cleft approximately one-fifth as 
broad as mouth opening. Rounded 
frontal process projects into lower 
half of cleft. A shallow median 
groove separates bases of mandi- 
bular processes. 


Mouth opening lenticular in out- 
line, nearly three times as broad 
as long. Anterior ends of maxil- 
lary processes not prominent — 
separated at median line only by a 
faint groove. Frontal process over- 
hangs maxillary processes at median 
line. No line of separation between 


Mouth opening three times as broad 
as long. Maxillary processes separ- 
ated by a shallow median groove. 
Labial pockets appear as slight 
depressions Iying lateral to angles 
of mouth. 


t Lateral angles of mouth bounded — 

kam dorsal to utriculus. Middle portion of hori- |columnar cells, and one or two outer layers of squa- | by narrow elevated jaw-ridges. Up- 

zontal canal completely cut off from pocket. Con- | mous or, occasionally, cuboidal cells. "Mesenchyma | per jaw-ridge projects a little over 

|nections of anterior and posterior portions much | condensed below epithelium. In places, mesenchymal I Well defined labial pockets j 
| constricted. Posterior canal cut off from pocket for a | cells epithelioid in arrangement. Occipital canal lateral to jaw-ridges. 

considerable distance. Distinct expansion of antero- established. Anterior limbs of median canal system, 

|lateral ampulla. Canal between sacculus and utri- established, 


culus longer but not narrower than before. Sacculus 
|smaller in comparison with utriculus than in pre- 
ceding stage (No. 30). 


in front of nasal pits; no median part yet established. 
Ampullae appear externally as minute whitish thickenings 
of epidermis. Mandibular, postorbital, anterior and pos- 
terior infraorbital and 


— extend ventrally to a point somewhat 


orbital groups established. In 


If 
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section, ampullae appear as shallow depressions, which 
extend through 3—4 sections of 20 u and are lined with 
closely packed elongated cells ofinnerlayer ofepithelium. 


a 


Da} . . 1 

32 |Semicircular canals as in preceding embryo, except Epithelium as in preceding stage (No. 31). Epicranial | Jaw-ridges narrower and more pro- — j 
|for expansion of ampulla. A slight transverse con- | and hyoid groups of ampullae visible in external view. jecting than in preceding stage { 
|struction of sacculus, dividing it into sacculus proper (No. 31). Deep labial pockets, which 1 
jand lagena. Ductus endolymphaticus a little ex- are invaginated anteriorly. 1 
panded just ventral to horizontal limb. Horizontal 
limb extends 0.5 mm. posteriorly, opens to surface 
of body. IN 


ron 
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Pharynx, Thyreoid, Thymus, 
Suprapericardial Body 


Digestive Tube 


Liver, Pancreas, Spleen 


Five anterior gill slits open, sixth slit 
still closed by athin plate ofepithelium. 
Short gill filaments from second, third, 
and fourth slits. Thyreoid 200 u in 
length (by sections). Anterior half 
attached to floor of pharynx by a 
constricted neck. 


First (spiracular) cleft one-half aslong 
‚as others. Lies at an angle of 45° to 
longitudinal axis of body. Long gill 
filaments from second, third, fourth, 
and fifth slits. Four short filaments 
spring from ventral part of anterior 
wall of first slit. Thyreoid detached 
completely from floor of pharynx, 
much mesenchyma between the two 
structures. Outer cells ofthyreoid epi- 
thelioid in arrangement, surrounded 
by a definite basement membrane. 
Suprapericardial body  represented 
by small patch of thickened epi- 
thelium of floor of pharynx on left 
side of median line at level of sixth 
gill pouch. 


Long gill filaments from all clefts. 
Thyreoid almost 0.5 mm. in length. 
Oval in cross section. Contains 
numerous small irregular cavities. 
Suprapericardial body a small deep 
thick-walled pit in floor of pharynx 
on left side near the median line 
at upper end of the sixth gill pouch. 
Extends through three sections of 
T2e% 


Spiracular slit broadly lenticular in 
outline, one-fourth length of hyoid 
slit. Epithelium on lateral side of 
dorsal tips of 2nd, 3rd, 4th, and sth 
ouches thickened (anlagen ofthymus). 

uprapericardial body expanded at 
distal end, constricted at connection 
with pharyngeal epithelium. 


Gill filaments longer (over 6.0 mm.). 
Epithelium of thymus anlagen in- 
creased in thickness. Thyreoid nearly 
1.o mm. in length. Anterior and pos- 
terior thirds of thyreoid circular in 
cross section, with no lumen. Middle 
third a flattened plate 0.45 mm. in 
width and 0.08 mm. thick, containing 
an irregular central lumen. Distal 
end of suprapericardial body ex- 
panded and directed posteriorly. Only 
a very minute lumen in stalk. 


Gill filaments and thymus anlagen 
as in preceding stage. Posterior half 
of thyreoid a flattened plate — an- 
teriorly lumen much expanded. Distal 
end of suprapericardial body ex- 
panded, forming a thin-walled cyst 
120 u in length. Stalk twisted, with 
an irregular lumen which does not 
communicate with pharyngeal cavity 
nor with cavity of distal cyst. 


Lumen of posterior two-fifths of oesophagus occluded. 
Walls actually fused for about ten sections of IO u only. 
A few cellular strands stretch across the lumen for 250 ». 
anterior to this region. Anterior three-fifths of oesophagus 
flattened dorso-ventrally; where most flattened, ventral 
diameter about one-third of transverse. Stomach about 
twice diameter of closed oesophagus, about 0.6 mm. in 
length (by sections). A slight constriction between stomach 
and duodenum. Duodenum curved a little to the left and 
downward, at an angle of 60°. 
end, of same diameter as gut. Ten turns of spiral valve. 
Lumen of gut much constricted just anterior to cloaca. 
Digitiform gland a solid bud on dorsal surface of gut, pos- 
terior to last turn of spiral valve. Cloaca dilated — floor 
in contact with ectoderm for 0.6 mm. 


Vertical diameter of anterior end of oesophagus one-seventh 
of transverse. Posterior half of oesophagus solid. Stomach 
about 0.7 mm. in length (by sections), middle third dilated. 
Duodenum curved a little dorsally at anterior end, directed 
ventrally at an angle of 45° posteriorly. Vitelline duct enters 
gut on right side at base of duodenal curve. Twelve and 
one-half turns of spiral valve. Lumen of intestine much 
constricted just anterior to cloaca; one-seventh diameter of 
gut at this point. Digitiform gland 150 y in length (by 
sections), lies entirely dorsal to intestine attached to intestine 
along almost its entire length. Cloaca 0.4 mm. in length; 
its floor in contact, but not fused, with skin epithelium. Mes- 
enterial fenestra, lying anterior to digitiform gland, 0.5 mm. 
in length. 


Vertical diameter of oesophagus one-sixth of transverse. 
Lumen of posterior end occluded for 0.25 mm. (by sections). 
Longitudinal furrows in epithelium at lateral angles of an- 
terior part of oesophagus. Mesenchyma about epithelium 
much condensed, outer cells having elongated form of myo- 
blasts. Stomach oval in cross section, surrounded by dense 
stroma of thickened mesenchyma. Fundus projects as a 
blind pouch Ioo u posterior to pyloric opening. Duodenum 
joins stomach almost at right angles, posterior duodenal curve 
slightly indicated. Thirteen turns of spiral valve in dissected 
specimen of same size. Gut slightly constricted posterior 
to last turn of spiral valve. Lumen occluded in this region 
for 200 u (by sections). In occluded region, external surface 
of epithelium is indented by three to six grooves, giving the 
intestine a lobulated appearance in cross section. Digitiform 
gland 0.5 mm. in length; lumen irregular, opens into gut 
through a low papilla just posterior to solid region. Cloaca 
triangular in cross section, epithelium of its ventral surface 
fused with that of skin for a few sections. Dorsal wall of 
posterior part of cloaca indented by the swelling of fused 
portion of the Wolffian ducts. 


Lumen of oesophagus occluded at posterior end for 240 u 
(by sections). Longitudinal grooves in epithelium more 
numerous than in preceding stage. Duodenal curve flatly 
S-shaped. Vitelline duct in upper part about diameter of 
duodenum. Expanded to form an irregular sack before 
joining gut. Its opening into gut 140 y. in length (by sections). 
Fourteen turns of spiral valve. Lumen of gut occluded for 
100 u. (by sections), a little posterior to last tum of spiral 
valve. Grooves in surface of gutin this region extend through 
its outer third. In a dissected specimen of 28.0 mm., digiti- 
form gland 1.2 mm. in length, its inner surface sacculated. 
Opens into gut by a constricted and convoluted duct which 
arises a little in front of posterior end of gland. 


Furrows in epithelium of oesophagus as in preceding stage 
(No. 30). Three broad longitudinal folds, involving both 
epithelium and mesenchyma in dorsal wall of oesophagus. 
Lumen of oesophagus occluded for 0.3 mm. (by sections). 
Fourteen turns of spiral valve. Intestine 1.8 mm. in diameter 
in broadest (middle) part, in a dissected specimen of 34.0 mm,, 
digitiform gland 2.0 mm. in length. 


Folds in dorsal wall of oesophagus extend posteriorly to 
occluded portion. About six smaller longitu inal folds in 
ventral wall. Solid portion of oesophagus 0.3 mm. in length 
(by sections). Mesenchyma condensed immediately below 
epithelium. Muscularis a definite band of elongated cells as 
wide as epithelial lining of gut in this region. Lumen of 
intestine occluded for 0.3 mm. (by section) posterior to last 
turn of spiral valve. Grooves in gut in this region deeper 
and wider than in preceding stage. Digitiform gland 2.5 mm. 
in length. 


Vitelline duct, at its upper | 


Gall bladder 220 u in length (by sections), expanded at 
distal end. Connected with ductus choledochus by short 
broad cystic duct, which arises from anterior fourth of its 
dorsal wall. Ductus choledochus arises from an expanded 
chamber which receives two lateral and one anterior hepatic 
duct, and cystic duct. Joins intestine on ventral surface, 
140 y. anterior to opening of vitelline duct. Pancreas con- 
nected by broad neck with intestine, near the middle of 
left side, a short distance behind opening of vitelline duct. 
A distinct posterior diverticulum of this neck at juncture 
with gut. Spleen a slight thickening on left side of mes- 
entery, just posterior to stomach. 


Lateral lobes of liver extend backward to between first and 
second turns of spiral valve. Hepatic tubules from 40 to 50 u. 
in diameter. Eight to ten cells in cross section. Lumen about 
one-sixth diameter oftubule. Gall bladder elongated, expanded 
at ventral end. Cystic duct elongated as compared with pre- 
ceding stage; its long axis in vertical plane of body. Ductus 
choledochus not dilated at distal extremity. Arises from union 
of cystic and three hepatic ducts. In anterior half of course is 
arched dorsally. Joins intestine on left side, just behind open- 
ine of vitelline duct. — Body of pancreas lies above and to 
Ich of first turn of spiral valve. Made up of short irregular 
tubules opening into dilated distal extremity of pancreatic 
duct. Pancreatic duct joins intestine on left side of ventral 
surface, 120 u (by sections) posterior to entrance of ductus 
choledochus. A considerable mass of pancreatic tissue ventral 
and to left side of duct at its juncture with intestine. Spleen 
a projecting mass of thickened mesenchyma from left side of 
mesogastrium and mesentery, 370 4 in length (by sections). 


Liver approximately the same size as in preceding stage 
(No. 28). Tubules similar to those in preceding stage. 
Ductus choledochus joins intestine on ventral surface, just 

osterior to entrance of vitelline duct. Pancreatic duct 
joins intestine on ventral surface, 0.3 mm. (by sections) 
posterior to ductus choledochus. Spleen 0.5 mm. in length 
(by sections), extends posteriorly nearly to level of second 
turn of spiral valve; broadest posteriorly. Epithelium higher 
than that of mesentery. Mesenchyma of spleen compact 
and vascular. 


Lateral lobes of liver approximately 2.5 mm. in length, ex- 
tending backward to level of third turn of spiral valve. 
Average diameter of hepatic tubules 75 v. Lumen one- 
seventh diameter of tubule: bounded by six to eight cells 
in cross section. Ductus choledochus joins intestine on 
ventral surface, I.o mm. (by sections) posterior to entrance 
of vitelline duct. Pancreatic duct joins intestine on left 
side 0.2 mm. posterior to entrance of ductus choledochus. 


Lateral lobes of liver 7.3 mm. in length in dissected specimen 
of 34.0 mm. Extend backward to middle of body cavity. 


Lumina approximately one-tenth diameter of hepatic tubules. | 


Ductus choledochus joins intestine on right side, about 
0.6 mm (by sections) posterior to entrance of vitelline duct. 
Tubules of pancreas broadly separated by septa of mes- 
enchyma. Pancreas shows adult divisions of head, isthmus, 
and body. Pancreatic duct joins intestine on ventral sur- 
face at base of first turn of spiral valve, 0.25 mm. (by 
sections) posterior to entrance of ductus choledochus. Spleen 
1.5 mm. in length (by sections). Posteriorly attached to 
mesentery only by ventral border. 


Lateral lobes of liver 12.0 mm. in length in a dissected 
specimen of 37.0 mm; extend backwards through anterior 
three-fifths of body cavity. Generally six or seven cells in 
cross section of hepatic tubule. Lumen from one-twelfth 
to one-fifteenth diameter of tubule. Gall bladder 0.7 mm. 
in length (by sections), 0.2 mm. in diameter. Ductus chole- 
dochus 0.075 mm. in diameter, joined by four hepatie ducts 
in upper part of course, Joins intestine on the upper part 
of its right side, 0.6 mm. (by sections) posterior to entrance 
of vitelline duct. Epithelium of both gall bladder and ductus 
choledochus surrounded by dense layer of flattened mes- 
enchymal cells. Lower part of pancreatic duct lies in groove 
on floor. ofintestine. Joins withintestine on right side of ventral 
surface, 0.5 mm. posterior to entrance of ductus choledochus. 
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Normentafeln zur Entwicklungsgeschichte der Wirbeltıere. 


Urogenital System 


Heart, Pericardium, Blood Vessels 


27 
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Wolffian duct opens into body cavity at level 
of anterior end of pancreas, is preceded by 
long shallow groove. Extreme posterior end 
solid, fused with lateral wall of posterior part 
of cloaca. Forty-one pairs of mesonephric 
tubules — the first four rudimentary. Posterior 
tubules extend outward and upward over dorsal 
surface of Wolffian duct. Expanded at their 
distal ends and in contact, but not fused, with 
dorsal wall of duct. Interrenal organ as in 
preceding stage (No. 26). 209 germ cells in 
genital region (Woops). 


Wolffian duct opens into coelom anteriorly 
in mid stomach region. Two distinct folds 
in somatic mesoderm below this opening. 
Ducts fused together, and with dorsal wall 
of cloaca at posterior ends. Thirty-eight 
mesonephric tubules, anterior two rudimentary. 
All tubules, except anterior two, connected 
with Wolffian duct. All except anterior two 
tubules dilated before joining duct to form 
Malpighian corpuscle —no glomeruli. Anterior 
part of interrenal organ made up of anasto- 
mosing cords of cells among sinusoids of 
cardinal veins; re organ as in pre- 
ceding stages (No. 27). Genital ridges extend 
from level of first to level of sixth turn of 
spiral valve. In largest part 75 u high, 60 u 
broad at base. 


Thirty-five mesonephric tubules on left side, 
first two and last being rudimentary and not 
connected with Wolffian duct. Glomeruli 
present on all except rudimentary tubules, 
rudimentary on third and fourth tubules. 
Anterior nephrotomes are set at an oblique 
angle to longitudinal axis of body. The pos- 
terior ones lie transversely. The hindmost 
tubules show development ot accessory ureters, 
“Nebenharnleitern”. Müllerian ducts open an- 
teriorly into body cavity on sides of septum 
transversum about one half way ventrally, 
much reduced in size posteriorly, join Wolffian 
duct between Isth and I6th tubules. Posterior 
ends of Wolffian ducts turn sharply downward 
and fuse together over cloaca. Interrenalorgan 
made up of a loose meshed syncytium. Genital 
folds 60 u. high, 75 u broad. 


Thirty-seven mesonephric tubules, first four 
and last two rudimentary. Müllerian ducts 
open anteriorly into body cavity on wall of 
septum transversum, near median line and 
ventral border. Müllerian duct separate from 
Wolffian duct anterior to the seventeenth 
mesonephric tubule. Wolffian ducts communi- 
cate RE for 30 u. Genital folds ex- 
tend from region of closed oesophagus to the 
twenty-sixth mesonephric tubule, i. e., just 
posterior to spiral valve; longest in region of 
stomach. 496 germ cells in genital ridge 
(Woops). Interrenal organ as in preceding stage. 


Thirty-six well developed mesonephric tubules, 
posterior ones open into Wolffian duct by 
short accessory ureters, “Nebenharnleitern”, 
Müllerian ducts meet at ostium, which is 
located in median line of septum transversum. 
Müllerian and Wolffian ducts join between 
thirtieth and thirty-first mesonephric tubules. 
The fused posterior ends of Wolffian ducts 
form a decided swelling on dorsal wall of 
cloaca, but do not open into it. 7IO germ 
cells in genital ridge (Woops). 


posteriorly. 


Walls of both atrium and ventricle much thicker than in preceding stage. Atrium lies mainly over much 
expanded bulbus. Anlagen of valves of bulbus, three mesenchymal thickenings of endothelial lining at level 
of tip of dorsal extension of pericardium. Atrio-ventricular valves represented by slight thickening of endothelial 
wall of atrio-ventricular canal. Anterior part of pericardial cavity, which receives stalks of premandibular and 
hyoid cavities, is connected with cavity proper only by a pair of solid mesothelial cords. — Six complete 
aortic arches in sagittal series (H.E.C. 203). Sixth arch not complete in transverse series. Formation of efferent 
vessels from anterior five arches (H.E.C. 204). Ventral aorta bifurcates at origin of third arch. First arch much 
reduced in caliber at its base. — Vena capitis lateralis nearly equal in caliber to V. cap. mesialis. Extends 
forward beyond otocyst, and communicates with V. cap. mesialis by branches passing between branchial rami 
of vagus, between vagus and glossopharyngeal, between glossopharyngeal and otocyst, and, finally, in front ot 
otocyst. Lateral veins open into common cardinals just above sinus venosus — can be traced backward for a 
few sections only. 


Walls of ventricle and bulbus considerably thickened. Many muscle fibrils in all heart chambers — not cross- 
striated. Dorsal surface of bulbus is fused with floor of atrium anteriorly. Valves of bulbus meet centrally, 
their edges are a little thickened. Atrio-ventricular valves thickened at their free edges. — Lumen of first 
aortic arch completely occluded at its base. Connections of afferent portions of third, fourth, and fifth arches 
reduced to impervious cords. Dorsal aortae between second and third arches reduced to minute vessels, about 
one-fourth caliber of aortae, posterior and anterior to this segment. Vertebral, lieno-gastric, and posterior 
mesenteric arteries developed. — Anterior cardinal vein extends forward to glossopharyngeal nerve. Connected 
with vena capitis medialis by two vessels — one immediately anterior to common cardinal and one at level of 
first spino-occipital ganglion. Vena capitis medialis united ‘with anterior cardinal at level of second spino- 
occipital ganglion. Extends forward to trigeminal ganglion, where it unites with V. cap. lateralis. V. cap. 
lateralis much larger than V. cap. medialis. Lateral vein opens into sinus venosus just below common 
cardinal. Extends posteriorly to pelvic fin. Receives vein from pectoral fin. Jugular vein opens into sinus 
venosus with lateral vein — extends forward to thyreoid. Vertebrals dilated over dorsal surface of Wolffian 
body. A small vessel (lateral mesonephric vein) extends along the base of the lateral surface of the Wolffian 


body. It communicates with posterior cardinal in front of first Wolffian tubule, and with caudal vein 
posteriorly. 


Walls of ventricle and bulbus much thickened with numerous sinusoids, walls of atrium as before. Numerous 
muscle fibrils, none of which appear to be cross-striated. Pericardial cavity completely cut off from the coelom 
ventrally by the septum transversum. Dorsal openings into the coelom are still large. Peritoneal-pericardial 
canal as broad as oesophagus above it, 220 u in length (by sections). — Afferent and efferent branchial arches 
completely separated. Occluded processes of afferent vessels extend dorsally, but do not connect with efferent 
vessels. — Vena capitis lateralis forms main anterior continuation of anterior cardinal. V. cap. mesialis re- 
presented by a few small chambers which communicate with V. cap. lateralis. Orbital sinus as in preceding 
embryo. Posterior cardinal veins arise by bifurcation of caudal at level of 27th mesonephric tubule. Lateral 
mesonephric veins larger than in preceding embryo. Open into ventral surface of caudal vein, posterior to the 
35th (last) mesonephric tubule. Do not communicate with cardinals directly in Wolffian body, but are connected 
by large vessels with the enlarged bases of the segmental veins. Anterior to Ist mesonephric tubule, lateral 
mesonephric veins open directly into posterior cardinals. — Corpuscles broadly oval to round, flatly convex, 
about 20 » in diameter. Nucleus stains darkly, but is not homogeneous. 


Walls of atrium a little thicker than in preceding stage (No. 29). Fibrils in all chambers of heart cross-striated. 
Pericardial-peritoneal canal 0.25 mm. in length (by sections), connecting plate forming posteriorly. — Segmental 
veins dilated over dorsal surface of Wolffian body — from these dilatations vessels pass to posterior cardıinal and 
lateral mesonephric veins. In some places, dilatations of two or three successive segmental veins, connected 
by narrow longitudinal channels. Lateral mesonephric veins open anteriorly into posterior cardinals in front of 
first mesonephric tubule; open into caudal vein by several channels posteriorly. 


Ventricle much enlarged; muscle arranged in distinct trabeculae. Peritoneal-pericardial canal approximately 
0.3 mm. in length (by sections), constricted posteriorly by connecting plate. — Continuous dorsal mesonephric 
vein, formed by fusion of dilated bases of segmental veins.. Communicates with cardinals by main channels 
above glomeruli. Small sinusoids throughout Wolffian body, dorsal to glomeruli*). Lateral mesonephric vein 
anteriorly small and indistinct; posteriorly enlarged, receiving vessels from dorsal mesonephric, and broadly 


connected with caudal vein. — Corpuscles flatly biconvex, roundly oval in outline, 20—25 u in diameter, Nucleus 
densely reticular. 


Ventricle trabeculae much more compactly arranged, ventricle much larger. Peritoneal-pericardial canal approxi- 
mately 0.5 mm. in length — opens on ventral surface of the anterior part of stomach. Very much reduced in 
calibre posteriorly by further fusion of connecting plate. — Dorsal mesonephric veins larger than in preceding 
stage — broadly connected with posterior cardinals by sinusoids. Lateral mesonephric veins small and indistinct 
anteriorly; enlarged posteriorly, and connected by broad channels with dorsal mesonephric veins. Broadly 
connected with caudal vein posteriorly. Cardinal sinus an irregular vascular chamber, Iying above radix 
mesenterica}; communicating by broad channels with posterior cardinals of either side; receives genital vein 


.") The vessel to which the purely topographic term “dorsal mesonephric” vein has been applied, arises, 
as described, by a fusion of the bases ‘of the segmental veins. It corresponds in position, however, to the 
posterior cardinal of mammals. The vessel which arises first in Acamthias, and which has been termed the 


posterior cardinal vein because of this origin, occupies the position of and probably corresponds with the sub- 
cardinal of mammals. 
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Normal Plates of the Development of Squalus acanthias. 39 


Extremities 


Remarks 


Posterior and anterior dorsal fins approximately 0.25 mm. high. Median fold between 
dorsal fins almost obliterated. Posterior part of dorsal and ventral folds thickened 
to form caudal fin. Pectoral fin thickened at its base, approximately 2 mm. long. 
Muscle buds very much constricted at proximal ends. Distal ends expanded and 
bifid. Nearly all buds united by mesothelial processes. Pelvic fins represented by a 
very slight swelling of the somatopleure just anterior to cloaca; mesenchyma in- 
creased in amount and condensed; epithelium composed of two layers of cells. 


Anterior dorsal fin 1.6 mm. in length at base, nearly 0.5 mm. high; posterior edge 
rising more abruptly from back line than anterior. Posterior dorsal fin I mm. ın 
length at base, 0.5 mm. high, in shape as anterior fin. Mesenchyma of dorsal fins 
condensed. Cells proliferating into the mass from dorsal myotomes of fin region? 
Median fin fold in caudal region 0.4 mm. high. Pectoral fin 2 mm. in length, 1.2 mm 
broad, gradually rounded anteriorly, sharply rounded posteriorly; turned a little 
ventrally posteriorly. Primary muscle buds almost completely divided into dorsal 
and ventral secondary buds, which extend to respective surfaces of fins. Primary 
buds completely separated from somites. Pectoral girdle represented by a slight 
condensation of mesenchyma in body wall on either side, below anterior part of 
pectoral fin. Pelvic fins 2 mm. in length at base, posteriorly fusing into low rounded 
ridge behind the cloaca; mesenchyma much condensed. Slight division of distal end 
of muscle buds into dorsal and ventral diverticula. Primary buds connected with 
somites by slender necks which are becoming mesenchymous. 


Anterior dorsal fin 2 mm. long at base, 0.6 mm. high. Posterior fin 1.5 mm. long at 
base. Transverse diameter of fins about equal at base and distal edge. Caudal fin 
about 5 mm. long, 0.5 mm. high dorsally and ventrally. Median fin fold has entirely 
disappeared except between posterior dorsal and caudal fin. Pectoral fin extended 
outward at right angles to body, anterior edge roundly curved, posterior edge 
decidedly concave, about 2 mm. long at base. Proximal part of muscle buds be- 
coming Abrous. Anlage of basipterygium a marked condensation of the mesenchyma 
at base of anterior fin. Continuous proximally with the condensation representing 
the pectoral girdle. Lateral anlagen of pectoral girdle are fused at median line 
anterior to yolk stalk. Extend N to level of aorta. Dorsal extensions pro- 
longed posteriorly. Pelvic fin 2.0 mm. long at base, 0.75 mm. broad; anterior edge 
rounded, posterior edge right-angled. 


Median fins much as in preceding stage (No. 29); caudal fin a little broader. Pectoral 
fin of about same dimensions as in preceding stage. Slight differentiation of basi- 
pterygium condensation into an anterior part (propterygium) and a posterior part 
(meso- and metapterygium). Distal portion widely expanded, but not divided as yet 
into radials. Distal ends of muscle buds undifferentiated. Pelvic fin 2.5 mm. in length 


Cleared and dissected specimens of same stage used in preparation of 
descriptions of heart, brain, digestive tract, and somites. — Mouth de- 
scribed from specimen of same stage, but not one of series. 

h Fig. 22. Digestive tract and heart of dissected specimen of same 
stage. 


Literature: MINOT, C. S., 1901, Morphology of the pineal region. Amer. 
Journ. Anat., I (Series 224). 


Reconstructed. 

Fig. 16. General structure. 

Cleared and dissected specimens of same stage used in preparation of 
descriptions of heart, brain, digestive tract. — Mouth described from 
specimen of same stage, but not one of series. | 
‘ Fig. 23. Digestive tract and heart of dissected specimen of same 
stage. 


Literature: MINOT, C. S., 190I, Morphology of the pineal region. Loc. 
cit. (Series 228.) 
Woops, F. A., 1902, Origin and migration of the germ cells 
in Acanthias. Amer. Journ. Anat., II. 


Cleared and dissected specimens of same stage used in preparation of 
descriptions of heart, brain, digestive tract. 


Cleared and dissected specimens of same stage used in preparation of 
descriptions of heart, brain, digestive tract. 

Fig. 24. Digestive tract and heart of dissected specimen of same 
stage. 


at base. Basipterygium indicated by a very slight thickening of mesenchyma. Muscle 
buds on upper and lower surfaces of fin. 


Dorsal fins higher and more rounded than in preceding stage (No. 30). Posterior borders 
concave; base of each about 2 mm. in length. Caudal fin much expanded, point of 
greatest height on dorsal fold, posterior to that of ventral. Pectoral fin 2 mm. long 
at base, distal edge 3 mm. long, posterior edge directed sharply backward. Basale 
propterygii, mesopterygii, and metapterygü, outlined in thickened mesenchyma. Fin 
rays long radial thickenings ot mesenchyma, — about nine on distal edge of meso- 
pterygium and six on metapterygium. Pelvic girdle outlined in dense mesenchyma. 
Lateral halves fused beneath posterior end of pericardial cavity. Pelvic fin 2 mm. 
long at base, Primary basipterygium distinctly outlined, — rays from its free edge. 


Spines of anterior and posterior dorsal fins represented by small blunt projections 
from base of anterior edge of fin. General shape of pectoral and pelvic fins un- 
changed from preceding stage (No. 31). Ventral portion of pectoral girdle and basi- 
pterygii precartilaginous. Fin rays much longer and more definitely outlined. Basi- 
pterygium of pelvic fin elongated, numerous elongated rays on distal edge. 


Cleared and dissected specimen of same stage used in preparation of 
descriptions of heart, brain, digestive tract, and somites. — Mouth de- | 
scribed from specimen of same stage, but not one of series. —- External | 
appearance of lateral line system described from specimen of same stage, 
but not one of series. 
j Fig. 25. Digestive tract and heart of dissected specimen of same 
stage. 


Literature: MINOT, C.S., 1901, Morphology of the pineal region. Loc. cit. 
(Series 362). 


Cleared and dissected specimen of same stage used in preparation of 
descriptions of heart, brain, digestive tract, and somites. — Mouth de- 
scribed from specimen of same stage, but not one of series. — External ap- 
pearance of lateral line system described from specimen of same stage, 
but not one of series. 
Fig. 26. Digestive tract and heart of dissected specimen of same 
stage. 
Literature: Locy, W. A., 1905, On a newly recognized nerve, connected | 
with the fore-brain of Selachianss Anat. Anz, XXVI 

(Series 353). 
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Reconstructions and Dissections. 


List of Figures. 


Fig. 1. Reconstruction of general anatomy of an embryo 1.8 mm. in length. X 5o. 


NEED 


section. X 50. 


» 5. Reconstruction of general anatomy of an embryo 3.5 mm. in length. X 50. | j 


» 6. Reconstruction of general anatomy of an embryo 3.5 mm. in length as seen in median-sagittal 


section. X 50. 


Reconstruction of general anatomy of an embryo 2.0 mm. in length. X 50. 
Reconstruction of general anatomy of an embryo 2.7 mm. in length. X 50. 


Reconstruction of general anatomy of an embryo 2.7 mm. in length as seen in median-sagittal 


7. Reconstruction of general anatomy of an embryo 4.0 mm. in lenstheepx@ 33: 
» 8. Reconstruction of general anatomy of an embryo 4.8 mm. in length. X 33. | 
9 


Reconstruction of general anatomy of the anterior two-fifths of an embryo 5.2 mm. in length. X 50. | 


„ 10. Reconstruction of general anatomy of an embryo 7.5 mm. in length. X 33. 


„ II. Reconstruction of general anatomy of the anterior two-fifths of an embryo 9 mm in length. X 33. 


„ 12. Reconstruction of general anatomy of the anterior two-fifths of an embryo 11.5 mm. in length. X 33. j 


» 13. Reconstruction of general anatomy of an embryo 15.0 mm. in lensth. X 18 


» 14. Reconstruction of aortic arches of an embryo 15 mm. in lensthesr 33: 


„» 15. Reconstruction of general anatomy of the anterior two-fifths of an embryo 18 mm. in length. X 33. 


„ 16. Reconstruction of general anatomy of an embryo 20.6 mm. in length. X ı5. 


» 17. Reconstruction of head somites of an embryo 4.0 mm. in length. X 33. 


„ 18. Reconstruction of head somites of an embryo 4.8 mm. in length. X 33. 


„ 19. Reconstruction of head somites of an embryo 5.2 mm. in length. X 33. | 


„ 20. Reconstruction of head somites of an embryo 9.0 mm. in length. X 33. 


„ 21. Dissection of an embryo I5.0 mm. in length. 
» 22. Dissection of an embryo 18.0 mm. in length. 
„» 23. Dissection of an embryo 21.0 mm. in length. 
» 24. Dissection of an embryo 28.0 mm. in length. 
» 25. Dissection of an embryo 34.0 mm. in length. 


„ 26. Dissection of an embryo 37.0 mm. in length. 


| 
x 6. 
6. 
x i 
x 6. 

Xı6; 4 
x 6. | 


Explanation of Lettering of Figures. 


A. 
4A. Archenteron 
A.br.aff. Afferent branchial artery 
Abr.eff. Efferent branchial artery 
A.col. Coeliac artery 
A.hyo.aff. Afferent hyoidean artery 
A.hyo.eff. Efferent hyoidean artery 
A.oph. Ophthalmic artery 
A.proneph. Pronephric artery 
A.seg. Segmental artery 
A.vit. Vitelline artery 


Ant.neur. Anterior neuropore 

Ao.a.I, II, III, IV, V Aortic arches 1 

Ao.dors. Dorsal aorta | 

Ao.vent. Ventral aorta | 

At. Atrium ü 
B. 

B.cor. Bulbus cordis | 
c. 

C.ceph. Cephalic nerve crest 


O.fa.ac. Facial-acoustic nerve crest 


0.g-ph. Glossopharyngeal nerve crest 
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O.g-ph.-vag. Glossopharyngeal-vagus nerve crest 

C.p. Cephalic plate 

C.p.ant. Anterior canal pocket 

C.p.lai. Lateral canal pocket 

C.sp. Spinal nerve crest 

C.thal. Thalamic nerve crest 

C.trig. Trigeminal nerve crest 

C.trig.-fac. Trigeminal-facial nerve crest 

C.urtr. Urtrochlear nerve crest 

Cb. Cerebellum 

Cl. Cloaca 

Ol.p. Cloacal plate 

On.eth. Ethmoid canal 

On.hyo. Hyoid canal 

On.inf.orb. Infraorbital canal 

On.inf.ros. Infrarostral canal 

On.m. Median canal 

On.pre-o. Pre-oral canal 

Comm.d. Dorsal ganglionic commissure 
D. 

D.chol. Ductus choledochus 

D.cyst. Cystic duct 

D.endol. Ductus endolymphaticus 

D.mes. Dorsal mesocardium 

D.panc. Pancreatic duct 

D.vit. Ductus vitellinus 

Dig.gl. Digitiform gland 

Duo. Duodenum 


E. 
Epi. Epiphysis 


N F, 
F.g. Fore gut 


F.r.-mes. Rhombo-mesencephalic fissure 


G. 
G.bl. Gall bladder 


@G.br.X Branchial ganglia of vagus nerve 

@.eil. Ciliary ganglion 

G.epib. Epibranchial ganglion 

G.mes. Mesocephalic ganglion 

G.r.bucc. VII Ganglion of buccal ramus of facial nerve 
G.r.hyo.VII Ganglion of hyoid ramus of facial nerve 
Gr.lat.X Ganglion of lateral ramus of vagus nerve 
G.r.opt.sup. VII Ganglion of superficial ophthalmic 


ramus of facial nerve 
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G.sp.oc. Spinal-occipital ganglion 
@.va.(], II, III, 1V) Branchial ganglia of vagus 
Gl.c. Gill cleft 
@Gl.p. (I, II, III) Gill pouchs 
@Gl.s.(I, II, III) Gill slits 

H. 
H. Heart 
Hyp. Hypophysis 

E, 
In.neur. Incisura neurenterica 
Inf. Infundibulum 


L. 
L. Liver 


L.a. Anterior liver pouch 

L.g. Lateral groove of vitelline duct 
L.l. Lateral liver pouch 

L.m. Lateral mesoderm 

L.p. Labial pocket 

L.ierm. Lamina terminalis 

Ls. Lens 

Ls.p. Lentic pit 


M. Mesoderm 

M.c. Medullary canal 

M.f. Medullary fold 

M.g. Medullary groove 
M.pl. Medullary plate 
M.r. Median ridge 

Mes. Mesentery 

Mes.f. Mesenterial fenestra 
Mes.preo. Preoral mesoderm 
Mes.t. Mesonephric tubule 
Mesen. Mesencephalon 
Mo. Mouth 


N.ab. Abducent nerve 

N.ac. Acoustic nerve 

N.fac.-ac. Facial-acoustic nerve 
N.gl-ph. Glossopharyngeal nerve 
N.oc. Oculo-motor nerve 
N.olfact. Olfactory nerve 

N.op. Optic nerve 

N.p. Nasal pit 
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N.sp.-oc. Spinal-occipital nerve 
N.term. Terminal nerve 

N.tr. Trochlear nerve 

N.trig. Trigeminal nerve 
N.vag. Vagus nerve 

Neur.c. Neurenteric canal 

No. Notochord 


Oes. Oesophagus 
Op.s. Optic stalk. 
Op.v. Optic vesicle 
Or.pl. Oral plate 
Oto. Otocyst 
Oto.d. Depression in wall of hind-brain caused by 
otocyst 
P- 
Pa. Paraphysis 
Panc. Pancreas 
Panc.b. Body of pancreas 
Panc.h. Head of pancreas 
Pc. Pericardium cavity 
Pc.w. Pericardium 
Pelv.f. Pelvic fin 
Ph. Pharynx 
Post.d.f. Posterior dorsal fin 
P.g. Preoral gut 
P.mes. Preoral mesoderm 
Pr.urt. Urtrochlear process —trigeminal crest 


Proneph. Pronephric tubules 


R. 
R.buce.VIl Buccal ramus — facial nerve 
R.dors.sp. Dorsal ramus— spinal nerve 
R.hyo.VII Hyoid ramus—facial nerve 
R.lat.X Lateral line ramus— vagus nerve 
R.md.V Mandibular ramus — trigeminal nerve 
R.mes. Radix mesenterica 
R.mx.V Maxillary ramus— trigeminal nerve 
R.oph.prof.V Deep ophthalmic ramus—trigeminal nerve 
R.oph.prof.VII Deep ophthalmic ramus —facial nerve 
R.oph.sup.V Superficial ophthalmic ramus — trigeminal 


nerve 


R.oph.sup. VII Superficial ophthalmic ramus — facial 
nerve 

R.p. Rostral plate 

R.s-. IX Supratemporal ramus — glossopharyngeal 
nerve 

R.vis.X Visceral ramus— vagus nerve 

Rec.postop. Recessus postopticus 


S. 
S.ceph. Cephalic sinus 


S.v. Sinus venosus 

S.trans. Septum transversum 

Sac. Sacculus 

Sn.r. Subnotochordal rod or hypochorda 
So. Somite 

So.ant. Anterior somite 

So.hyo. Hyoid somite 

So.mand. Mandibular somite 
So.prem. Premandibular somite 
Sp.c. Spinal cord 

Sp.g. Spinal ganglion 

Sp.v. Spiral valve 

St. Stomach 

St.br. Stalk, first branchial somite 
St.mand. Stalk, mandibular somite 
St.hyo. Stalk, hyoid somite 

Symp. Sympathetic ganglion 


Ak: 
T.mes. Trunk mesoderm 
Telen. Telencephalon 
Th. Thyreoid 

v 


V. Ventricle 

V.cap.med. Vena capitis medialis 
V.card.com. Common cardinal vein 
V.jug. Jugular vein 

V.lat. Lateral vein 

V.subint. Subintestinal vein 
V.vit.rec. Recurrent vitelline vein 
V.vit.s. Left vitelline vein 


W. 
W.d. Wolfhian duct 

h& 
Y.s. Yolk stalk 
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Descriptions of Figures of Reconstructions and Dissections. 


A number of illustrations of dissections and reconstructions of embryos of Squalus acanthias are to 
be found scattered through the literature of elasmobranch development‘). These are, however, in most 
cases, illustrations of particular organs or systems and include only a limited series of stages. It has been 
thought that a series of figures showing general development of this form would be of value, and for that 
purpose the following graphic reconstructions, made from selected embryos of the normal plate series, have 
been added to the customary plates. There are included also figures of a short series of dissections of 
embryos selected with care to correspond with some of the later stages. 

The general plan adopted has been to reconstruct all the important structures of the embryo 
as seen from the left side, with the skin and mesodermal structures — with the exception of the vascular 
system — removed. It has been necessary, however, to modify this plan in several particulars, and in 
connection with some embryos to introduce supplementary reconstructions. Thus the mesoderm has been 
included in the reconstructions of the first four embryos and mid-sagittal section views of embryos 
of 2.7 mm. and 3.5 mm. in length (N.P.S. 9 and N.P.S. 14) have been added. The arterial system and 


the heart are included in all the general reconstructions of embryos over four millimeters in length. The 


1) Among these may be mentioned those of: 
a) The central nervous system. 
Jo#NsTon, J. B., 1909, The morphology of the forebrain vesicle in vertebrates. Journ. comp. Neur. and Psych., Vol. 19, p. 457—539- 
v. KUPFFER, K., 1906, Die Morphogenie des Zentralnervensystems in HERTWIGs Handbuch d. vergl. u. exp. Entw. d. Wirb. 
Locy, W. A., 1895, Contributions to the structure and development of the vertebrate head. Journ. Morph., Vol. II, p. 497594. 
— 1899, New facts regarding the development of the olfactory nerve. Anat. Anz., Bd. 16, p. 273—290. 
— 1903, A new cranial nerve in selachians. Mark Anniversary Volume, p. 41-54. 
Near, V. H., 1898, The segmentation of the nervous system in Squalus acanthias. Bull. Mus. comp. Zool. Harvard Coll., Vol. 31, 
p- 147294. 
b) The peripheral nervous system. 
BROHMER, P., 1909, Der Kopf eines Embryos von Chlamydoselachus und die Segmentierung des Selachierkopfes. Jena. Zeitschr. 
f£. Naturw., Bd. 44, p. 647—698. 
JotnsTon, J. B., 1909, loc. cit. 
Locy, W. A., 1895, loc. cit. 
— 1809, loc. cit. 
— 31003, 1062 cit; 
— 1905, On a newly recognized nerve connected with the fore-brain of selachians. Anat. Anz,, Bd. 26, p. 33-123. 
MEEK, A., 1909, The encephalomeres and cranial nerves of an embryo of Squalus acanthias. Anat. Anz., Bd. 34, p- 473—475- 
NEAL, V. H., 1898, loc. cit. 
PLATT, J., 1891, A contribution to the morphology of the vertebrate head. Journ. Morph., Vol. 5, p. 79-112. 


c) The nasal pit. 
BERLINER, K., 1902, Die Entwicklung des Geruchsorganes der Selachier. Arch. f. mikr. Anat., Bd. 60, p. 336-405. 


d) The head somites. 
BROHMER, P., 1909, loc. cit. 
LAMB, A. B., 1901, The development of the eye muscles in Acanthias. Amer. Journ. Anat., Vol, I, p. 185—202. 
PLATT, J. B., 1896, loc. cit. 
f) The urogenital system. 
GREGORY, E. R., 1897, Origin of the pronephric duct in selachians. Zool. Bull., Vol. I, p. 123—129. 
MinoT, C. S., 1892, Human embryology, p- 236. [Mesonephric tubule.] 
g) The vascular system. 
HOCHSTETTER, F., 1906, Die Entwicklung des Blutgefäßsystems. HERTwIGs Handbuch d. vergl. u. exp. Entw. d. Wirb., Bd. 3, 
TI. 2, p. 21—166. 
PLATT, J. B., 1896, loc. cit. 
h) The skull. 
SEWERTZOFF, A. N., 1899, Die Entwicklung des Selachierschädels. Festschr. v. KUPFFER, p. 281—324. 
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venous system as a whole is only represented in Figure Io, a reconstruction of a embryo 7.5 mm. in length. 
Four reconstructions of the head somites follow the reconstructions of the general anatomy. The oldest 
embryo thus reconstructed is 9.0 mm. in length. For the later history of these structures in Squalus 
acanthias the reader is referred to the excellent paper by A. Lam!) which includes a series of recon- 


structions of older stages. 


Most of the reconstructions have been made from transverse sections and in the majority of cases 


every other section was drawn and used in the preparation of the figure. A few reconstructions have been . 


made from sagittal sections by KASTSCHENKo’s?) method but when this has been done it is noted in con- 


nection with the description of the figure. It has been necessary to use several scales of magnification in _ 


the series as the smallest embryo is less than one-tenth the length of the largest one. 


All the figures of reconstructions with the exception of the simple cut of the aortic arches (Fig. 14) 
are the work of Mr. Wm. OLıver. A liberal grant from the National Academy of Sciences made it possible 
to secure the services of this accomplished draughtsman. The use of various schemes of shading to 
represent different systems and organs is explained in the descriptions of figures. The dissections are 
all drawn with the camera lucida at a magnification of six diameters. It is hoped that they will bring 
out certain features, such as the general proportions of the viscera at different stages of development, 
which are not well illustrated by the reconstruction method. 


Fig. 1. Graphic reconstruction of an embryo of 1.8 mm. in length. Normal plate series No. 6. 
(H.E.C: 984.) X so. 


The embryo is seen from the left. Uncut surfaces of ectoderm are shaded in longitudinal lines; 
entoderm is shaded in vertical lines; mesoderm is shaded in stipple. The yolk upon which the embryo rests 
is represented by diagonal black lines crossed with white. Ectoderm in cross section is indicated by oblique 
lines running from left to right; entoderm in cross section, by oblique lines running from right to left; 
mesoderm in cross section, in broken lines running from right to left. In the head region the ectoderm 
has been cut away at the median line. Behind the cephalic plate the ectoderm is cut to the left of the median 
line. The external surface of the archenteron 
RER, and the lateral plate of mesoderm are ex- 


posed in the anterior part of the embryo. 


In the posterior part of the embryo the ecto- 


derm, mesoderm, and entoderm are all cut 


Fig. 1. 


back to a plane a little to the left of the 
median line. The entoderm in the head and anterior part of the trunk region is cut along the line where 
it spreads out over the blastodisc as a flat sheet. 


The archenteron (A.) is seen to be folded up into a shallow pouch, from the anterior end of which 
the preoral gut (P.g.) projects forward a little into the slight head fold. Laterally, the walls of the arch- 
enteron flatten out abruptly. The mesoderm (M.) appears as a narrow plate, triangular in cross section, Iying 


above the archenteron. The anterior end of this plate is still fused with the entoderm and is indicated 
with a broken line. 


D)#Eoeicit. 


2) N. KASTSCHENKO, 1886, Methode zur genauen Rekonstruktion kleinerer makroskopischer Gegenstände. Arch. f. Anat. 
u. Phys., p. 388. 
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Fig. 2. Graphic reconstruction from sagittal sections of an embryo of 2 mm. Normal plate series 
No. 7: (HLE:C; 1009.) X 56: 


The left side of the embryo is seen. The scheme of shading to indicate germ layers is the same 
as that employed in Fig. ı. The ectoderm is cut away a little to the left of the median line. The entoderm 
and mesoderm are seen as uncovered by the ectoderm, they are cut away along the plane where they 
extend out laterally into the blastodisc. At the posterior end of the embryo all the germ layers are cut 
in a plane a little to the left side of the median line. 


The cephalic plate (0.p.) is almost 


So.mand. 


C.p. 
flat. Posterior to the cephalic plate 
there is a distinct though shallow 


medullary groove (M.g.) which gradually 


In.neur. 


becomes flattened out posteriorly. The 


incisura neurenterica (In.nevr.) is deeper 


Fig. 2. 


than in the preceding reconstruction. 

The head mesoderm extends forward under the cephalic plate, ending in a distinct dilatation — the beginning 
of the mandibular somite (So.mand.). Posterior to the mandibular somite the mesoderm and entoderm are 
still confluent, and their juncture is indicated by a broken line. Four distinct trunk somites (S0.) are 
present. A fifth somite is probably forming anteriorly. Posteriorly the mesoderm spreads out over the 
blastodisc. Mesoderm, entoderm, and ectoderm are seen to fuse in the wall of the incisura neurenterica. 
The preoral gut (P.g.) extends forward in the head fold as a broad blunt process which is almost square 


in cross section. The walls of the archenteron flatten out rapidly laterally and posteriorly. 


Fig. 3. Graphic reconstruction of an embryo 2.7 mm. in length. Normal plate series No. 9. 
(EE.@79977)0.,850: 


The plan of reconstruction and method of indicating germ layers are the same as those employed 
in Figs. ı and 2. The ectoderm is cut away at the median line, both dorsally and ventrally. The entoderm 
and mesoderm are cut, as in Fig. 1, along the line where they flatten out to form a part of the blastoderm. 
The extreme posterior end of the embryo is represented as cut sagittally at the median line. 


Op.v. (.p. So.mand. 


In.neur. 


N 


Fig. 3. 


The cephalic plate (C.p.) is depressed, and the right optic vesicle (Op.v.) forms a deep lateral evagi- 
nation in it. The medullary groove (M.g.) is of approximately the same depth throughout its length, and 
passes over into the incisura neurenterica (In.neur.) posteriorly. The mesoderm of the embryo extends 
forward to the cephalic plate as a narrow band, and ends in a distinct expansion, the mandibular somite 
(So.mand.). There are ten well formed trunk somites (So) and an eleventh is in the process of formation 


posteriorly. The fore-gut (F.g.) extends forward to the cephalic plate. From its anterior wall, the preoral 


process (P.g.) projects anteriorly along the median line between the optic vesicles.. The notochord (No.), 
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in this reconstruction, is seen only at the beginning of the sagittal section in the region. It is still attached 


to the roof of the archenteron at this point. 


Fig. 4. Graphic reconstruction of an embryo 2.7 mm. in length. Normal plate. series No. 9. 
(H.E.C. 097.) °X 50. 


This is another reconstruction of the embryo illustrated in the preceding figure. All structures, 
except the notochord, are sectioned along the median line, so that one sees the right side of the inner 
surfaces of the medullary groove and archenteron. The former structure shows points of interest not 
mentioned in the description of Fig. 3. The fore-gut portion of the archenteron extends forward to 


the cephalic plate, and from its base the preoral gut projects forward between the optic vesicles. 


Cp. No. N.9. 


In .neur. 


P.mes. P.g. 2 Gl.p. * A. Yolk 
Fig. 4. 


The first gill pouch is represented by an irregular lateral expansion of the fore-gut (Gl.p.). The arch- 
enteron posterior to the fore-gut is floored in part by irregular masses of cells; and these, where they cross 
the median line, are represented by the areas shaded in oblique lines (*, *). A large mass of preoral 
mesoderm has proliferated from the anterior wall of the archenteron, and is represented in the reconstruction 
as sectioned along the median line. It is shaded in broken oblique lines. So far as the notochord is a 
separate structure, it is shown as a rounded rod. At the anterior and posterior ends, where it fuses with 
the preoral mesoderm and the roof of the archenteron respectively, the notochord is cut along the median 
line. As indicated by the shading, all the germ layers become confluent in the anterior wall of the 


incisura neurenterica (In.neur.). 


Fig. 5. Graphic reconstruction of an embryo 3.5 mm. in length. Normal plate series No. 14. 
(EREIOEOS2H) E50: 


The skin ectoderm is represented as cut away dorsally, a little to the left of the median line. At 
the anterior end of the head, the cut passes a little behind the large anterior neuropore (An.neur.), and then 
along the ventral median line of the head and pharyngeal region. The posterior end of the embryo is cut 
along the mid-sagittal line exposing the right internal surface of the medullary groove (M.g.) and incisura 
neurenterica (In.neur.). Both entoderm and mesoderm are cut away along the line where they flatten out 
upon the yolk. 

The cephalic end of the medullary tube shows a marked ventral flexure. The optic vesicle (Op.v.) 
projects outward and backward from the expanded fore-brain. Above this region, and overlying the upper 
edge of the medullary tube, is a narrow cephalic crest (C.ceph.) which is represented in the figure in stipple. 
Although its ventral edge is extremely irregular, there is no division into separate nerve anlagen. The 
folds over the chordal portion of the medullary tube are fused from the hind-brain region to a point a 


little anterior to the beginning of the median sagittal section shown in the figure. 
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The mesoderm, which is represented in stipple, as in the preceding figures, extends forward into 


the head region as a flattened plate, and ends in the dilated mandibular somite (So.mand.). This structure | 


is divided somewhat into an anterior expanded position, the somite proper, and a short, thick posterior stalk. 
The hyoid somite (So.hyo.) is a distinct anterior projection of the head mesoderm, above the stalk of the 


} mandibular somite. Sixteen somites ($o.) project from the dorsal edge of the mesoderm of the trunk region. 


Q.ceph. So.mand. So.hyo. ‚So. 


I 
Rn 


SSIPDI>mmN 


Ant.neur. 


III TI > 
FRI NIÜINI N 
IN 


In.neur. 


PRESS 


No. A. 


Fig. 5: 


In only a few are there any evidences of an antero-posterior constriction of their bases, but the hases of 
all except the most posterior somites are a little constricted transversely. 
Only a little of the fore-gut (F.g.) can be seen below the ventral border of the head mesoderm. The 
rounded preoral process (P.g.) projects forward from its anterior end, between and below the optic vesicles. 
The notochord (No.) is also nearly covered by the mesoderm. It is seen partly in transverse, and 


partly in sagittal section, at the posterior end of the embryo. 


| Fig. 6. Graphic reconstruction of an embryo 3.5 mm. in length. Normal plate series No. 14. 
(H.E.C. 982.) X 50. 


This is another reconstruction of the same embryo as illustrated in Fig. 5. The plan of reconstruction 


is similar to that employed in Fig. 4 — all structures except the notochord being sectioned in the median line. 
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Fig. 6. 

The anterior part of the medullary canal is closed except for the large anterior neuropore (An.neur.) 
and for a narrow slit in the hind-brain region. The roof of the mid-brain is seen in sagittal section (+). 
The left optic vesicle is seen as a deep pit extending laterally from the base of the fore-brain. Mesial to it 
is a deep median depression, the recessus postopticus or “infundibulum” (Rec.postop.). The medullary folds 
(M.f.) are fused from the hind-brain region to a point somewhat posterior to the middle of the trunk region. 


1 The anterior wall of the pharynx (P%.) is fused in part with the mass of preoral mesoderm (P.mes.) 


lying in front of it. From the base of the wall a small projection, the preoral gut, extends a little forward. 


i 
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The first two gill pouches (Gl.p.I, II) appear as shallow depressions in the right wall of the fore-gut. 
Behind the fore-gut the archenteron is floored in part by a mass of entodermal cells (*), such as was 
described in connection with the reconstruction of an embryo 2.7 mm. in length (Fig. 4). The same method 
of shading is employed as in that figure. The notochord (No.) is extremely irregular in shape. Its anterior 
end is fused with the preoral mesoderm and the posterior end merges into the general cell mass in front 
of the incisura neurenterica (In.neur.). 


Fig. 7. Graphic reconstruction of an embryo 4.0 mm. in length. Normal plate series No. 16. 
(H.E.C. 930.) X 33. 


In this reconstruction, all structures of mesodermal origin have been omitted, with the exception of 
the preoral mesoderm which lies between the anterior wall of the gut and the floor of the brain, and which 
is sectioned at the median line. The skin ectoderm is cut along the median line except in the region of 
the anterior neuropore, where the line of section passes a little to the left. As in preceding reconstructions, 
the tail region is sectioned along the mid — sagittal line, showing the right half of the internal surface of 


the walls of the gut, medullary canal and neurenteric canal. 


O.gph.-vag. No. Snr. M.r. 
Oto.d. x - a, - = | 
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Op.v. 


Ani.neur. Rec.postop. Or.pl. Fig. 7. 


The fore-brain vesicle is bent downward and a little backward from the mıd-brain. From its base 
projects a large shallow pouch, the primitive infundibulum or recessus postopticus (Rec.postop.). The 
optic vesicle (Op.v.) is broadly connected with the ventral zone of the fore-brain and extends forward and 
upward, overlapping the dorsal half of the lateral walls. There is a small anterior neuropore (Ani.neur.) 
the walls of which are almost in contact. The skin and neurectoderm are fused along the median line 
both posterior and anterior to it. A shallow groove separates the fore-brain and mid-brain, and a less 
marked one the mid-brain and hind-brain. A slight depression in the wall of the hind-brain indicates the 
position of the otocyst (Oto.d.). 

The cephalic crest, which is indicated in stipple, is divided into two parts. The anterior division, 
which extends from the optic vesicles backward to the hind-brain, represents the anlagen of three nerve 
crests: the thalamic, facial-acoustic, and trigeminal. The thalamic crest (C.thal.) is represented by a small 
expansion above and posterior to the eye. The trigeminal and facial-acoustic crests (CO.irig., O.fa.-ac.) are 
still confluent, but two small interruptions indicate the line of division between them. The posterior segment 
of the cephalic crest (C.g-ph.-vag.) represents the anlagen of both the glossopharyngeal and vagus crests, but 
as yet there is no differentiation of these two elements. 

The archenteron is divided into fore-, mid- and hind-gut. The fore-gut consists of an expanded 


anterior portion, the pharynx (Ph.), and a short flattened oesophagus (Oes.). The floor of the anterior 


end of the pharynx is in contact, but not fused, with the thickened ectodermal portion of the oral plate 


aan u En EEE 


ED niit 


v 
hen 


Normal Plates of the Development of Squalus acanthias. 49 


(Or.pl.). There are two gill pouches (@.p.I, II) — the first is a little more prominent than the second. The 
mid-gut is still broadly connected with the blastodermic entoderm; this connection, however, is much con- 
stricted transversely. The thickened plate of cells found at the anterior end of this connection, and so 
prominent a feature of younger embryos, is still present though in a less marked degree, in this specimen. 
The cloaca (Cl.) is represented by a very slight dilatation of the hind-gut — its floor is in contact, but not 
fused, with the skin ectoderm. The hind-gut is very slightly constricted behind the cloaca, but is broadly 
connected with the neurenteric canal (Neur.e.). 

The anterior end of the notochord (No.) is bent sharply ventrally and merges into the preoral 
mesoderm. Its posterior end fuses with the entoderm and ectoderm of the anterior wall of the neurenteric 
canal. The hypochorda or subnotochordal rod (Sn.r.) forms a prominent median ridge on the roof of the 
gut, extending from the level of the second gill slit nearly to the end of the mid-gut. It is connected 


with the gut by a narrow neck along the median line. 


Fig. 8. Graphic reconstruction of an embryo 4.8 mm. in length. Normal plate series No. 18. 
(ERE.@ 771398.) 933: 
The plan of this figure is similar to that of Fig. 7 of an embryo 4.0 mm. long, with the following 


exceptions, The skin ectoderm is represented as cut along the median line in the neuropore region, and 
as left in position over the oral plate and the first gill slit. The vascular system and a part of the peri- 
cardium are included in the reconstruction. The arteries are shaded with light broken transverse lines. 
The veins are represented in black crossed with white lines. The heart and pericardium are shaded in 
heavy stipple. The mesothelial layer of the heart is cut away at either end of the tube. The pericardium 
is represented as cut away dorsally above the dorsal mesocardium, and ventrally along the median line. 


Such a section exposes the internal surface of the right side of the pericardium. 
Curir. Otrig. @l.c. O.fa.ac. C.g-ph.  O.vag. 

\ 

\ \ Ao.dors. Sr. 


O.thal. 


Ant.meur. V.cap.med. | |Or.pl. Th. Ao.went.| H. Vvit.s. yo 
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Fig. 8. 


The fore-brain vesicle is much dilated. The anterior neuropore is now completely closed, but the 
skin and neurectoderm are still fused in this region (Ani.neur.). The optic vesicle (Op.v.) is similar to that 
seen in the reconstruction of the embryo 4.0 mm. in length. The trigeminal nerve crest (C.trig.) is broadly 
attached to the hind-brain and the posterior part of the mid-brain. The anterior part of this attachment 
extends upward to the dorsal median line. This portion of the crest represents the urtrochlearis (O.urtr.) 
of Dozrn and other authors. The connection between this anterior part and the main part of the crest is 
interrupted by two small openings which indicate the line along which the separation between the urtrochlearis 


and the trigeminus proper will take place. The ventral part of the trigeminal crest is divided into an 


anterior and a posterior limb. The anterior or ophthalmie portion lies mainly between the optic vesicle 


and the brain tube. It is continuous anteriorly with the thalamic crest (C.thal.). The posterior limb or 
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mandibular portion extends backward and downward in the mandibular arch. Its ventral edge becomes 
indistinguishable from the mesenchyma of this region. A narrow band of crest cells unites the thalamic and 
urtrochlear crests. The facial-acoustic crest (C.fa.-ac.) is completely separated from the trigeminal, but is 
connected by a narrow dorsal band with the glossopharyngeal crest (C.g-ph.). The glossopharyngeal and 
vagus (C.vag.) crests are now completely separated. The posterior end of the latter is continued some 
distance along the spinal portion of the medullary tube. 


The pharynx is somewhat expanded anteriorly. Its floor is fused with the skin ectoderm in 
the oral region, forming the oral plate (Or.pl.). In the drawing the skin ectoderm is represented as cut 
away around the border of this fused area. The thyreoid gland (7%.) appears as a deep pouch from the 
floor of the pharynx, immediately behind the oral plate. Two gill pouches project from the side of the 
pharynx. The first is fused with the overlying ectoderm, which is represented in the figure as left in 
position. In this plate is a slight depression — the beginning of the first gill cleft (@l.e.). The pharynx 
becomes continuous posteriorly with the short broad oesophagus. The yolk stalk (Y.s.) in this embryo is 
connected with approximately the middle half of the gut. The left wall is represented as cut away to a 
great extent, exposing the internal surface of the right wall. The cloaca (Cl.) is represented by a very 
slight dilatation of the hind-gut, and the postanal gut by a short, somewhat constricted segment of the 


tube, connecting the cloaca with the neurenteric canal (Neur.c.). 


This is the first member of the series of reconstructions in which an attempt has been made to 
illustrate the vascular system. The veins of the blastoderm, which are not extensive, unite to form short 
vitelline veins, of which the left is shown in the figure (Y.vit.s.). These remain bifurcated throughout the 
posterior half of the heart but unite anteriorly. The mesothelial layer of the heart is here represented in 
stipple. The ventral mesocardium is broken down, but the dorsal mesocardium (D.mes.) extends the entire 
length of the heart. The ventral aortae, of which the left is shown (Ao.vent.), are separate throughout. 
They are continuous with the first pair of aortic arches (Ao.a.). The aortic arches of the right and left 
sides become confluent dorsally, and from the chamber thus formed, the sinus cephalicus (S.ceph.), there 
extends forward a single vessel. This structure, which can only be followed through a few sections in 
the embryo, is represented as cut off near its origin. It represents the beginning of the vena capitis me- 
dialis (V.cap.med.). Below the sinus cephalicus there is a small dilatation of the aortic arch, which may 
represent the large ophthalmic artery. The dorsal aorta (Ao.dors.) extends backward a little beyond the 
middle of the trunk region. It is irregular in caliber, and in places is apparently solid. 

The notochord (No.) is curved sharply downward at its anterior end. The posterior end is fused 
with the entoderm just anterior to the neurenteric canal. Below the notochord, from the level of the vagus 
crest backward, is seen the subnotocordal rod (Sn.r.). This structure is now larger proportionally than in later 
stages. It is attached to the roof of the pharynx anteriorly, and to the cloaca posteriorly. At several 


points along its free portion, it is enlarged and approaches the roof of the gut, although not in con- 
tact with it. 


Fig. 9. Graphic reconstruction of an embryo 5.2 mm. in length. Normal plate series No. 20. 
(ERRRE@1355.) REEO: 


Only the anterior two-fifths of this embryo is reconstructed. The plan of reconstruction is similar 


to that employed in Fig. 8 except that the otocyst is shown in position, with the skin ectoderm cut away 
around its opening. 


A 
run 


een 


EEE \ VE 


1% Normal Plates of the Development of Squalus acanthias. 5I 


The fore-brain is still connected with the skin ectoderm in the region (Ant.neur.) where the anterior 
neuropore was formerly present, but this fusion is much less extensive than that seen in the reconstruction 
of the embryo of 4.8 mm. The thalamic nerve crest (O.thal.) is still connected with the trigeminal crest (C.trig.) 
by a slender cellular strand. The dorsal portion of the trigeminal crest or urtrochlearis (O.urtr.) is con- 
nected with the general mass of the trigeminal crest by an extremely irregular cellular band. That portion 
of the trigeminal crest which lies in the mandibular arch becomes indistinguishable from the mesenchyma 
ventrally, and its ventral termination is therefore only indicated by a broken line. The facial-acoustic crest 
(C.fac., C.ac.) is somewhat enlarged at the level of the dorsal aorta. Here it is possible to distinguish between 
facial and acoustic portions, and the latter has been represented in coarse stippling. A small branch of 
the facial-acoustic crest passes a short distance backward over the external surface of the otocyst. The 


facial-acoustic crest, like the trigeminal crest, becomes indistinguishable from the mesenchyma ventrally. The 
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Fig. 9. 


otocyst (0fo.) is deeply invaginated, but is still broadly connected with the skin ectoderm. The glosso- 
pharyngeal crest (N.g.-ph.) is completely separated from the vagus. The vagus crest (N.vag.) extends ventrally 
to the upper edge of the pharynx. From its ventral border there is a small projection (@.va.I) which 
probably represents the ganglion of the first branchial ramus of the vagus. There is also a small posterior 
prolongation, from which the remaining branchial ganglia probably arise. The vagus crest is broadly 
connected with the dorsal ganglion commissure (Comm.d.). The first spinal-occipital ganglion (G.sp.-0c.) 18 
represented by an enlargement of this structure just above the posterior end of the heart. 

The pharynx ends bluntly in front, and gradually narrows to form the oesophagus (Oes.) posteriorly. 
The first two gill slits (Gl.s.) are open in part, and the third gill pouch (@l.p.) is in the process of formation. 
The thyreoid gland (7%.) appears as a small pouch projecting backward from the floor of the pharynx 
behind the second gill slit. The oesophagus is decidedly flattened transversely. At the level shown in cross 


section in the figure, it is about to join the vitelline duct. Its ventral part at this point is expanded into 


an ill defined pocket, the anlage of the liver (Z.). 
The mesothelial walls of the heart are represented in stipple. The dorsal mesocardium is in part 


broken down, and the dorsal connection thus established between the sides of the pericardial cavity is 
zu 
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indicated in black. The upper part of the first aortic arch (Ao.a.I) 
forms an irregular, dilated chamber, from the anterior wall of which 
arise a pair of sprouts (V.cap.med.) which bifurcate almost immediately 
into anterior and posterior branches. These represent the anterior 
end of the vena capitis medialis. The second aortic arch (Ao.a. II) 
is not complete but is represented by branches from the dorsal 
and ventral aortae. 

The notochord (No.) is bent ventrally at its anterior end. 
Below it, from the level of the vagus crest backward, is seen the 


subnotocordal rod (Sn.r.). 


Fig. I0. Graphic reconstructian of an embryo 7.5 mm. in 
length. Normal plate series No. 22. (H.E.C. 1503.) 
x 33. 


The general plan of reconstruction is similar to that of Figs. 8 
and 9, with the exception that the veins and the Wolffian duct, 
which is left unshaded, are included. 

There is no longer any connection in the neuropore region 
between the skin and neurectoderm. The optic vesicle (Op.v.) is 
now indented, forming the optic cup, and in the concavity thus 
formed lies the pear-shaped lens (Ls.). The lens is still broadly 
attached to the skin ectoderm, which is represented as cut away 
around the attachment. There is a deep lentic pit (Ls.p.). A shallow 
infundibular sac projects from the floor of the fore-brain. The 
thalamic (C.thal.), the urtrochlear (C.urir.), and the trigeminal 
(C.trig.) crests are now completely separated. The first and second 
of these are much reduced in size. Two processes project from 
the anterior part of the trigeminal crest. The dorsal process (Pr.urt.) 
is the remnant of the former connection between the urtrochlear 
and trigeminal crests. The ventral process (G.mes.) is the anlage 
of the mesocephalic ganglion. The lower edge of this ventral 
process is expanded over the optic vesicle and is confluent with 
the mesenchyma of this region. The mandibular process of the 
trigeminal crest cannot be traced beyond the upper end of the 
mandibular arch. The acoustic portion of the facial-acoustic crest 
(O.fa., O.ac.) extends a little over the lateral surface of the otocyst. 
The otocyst (Oto.) is connected with the skin ectoderm by a short 
broad duct from which a shallow groove extends upward and 
backward. The glossopharyngeal crest (C.g-ph.) shows no features 
of special interest. The first and second branchial processes of 
the vagus crest are clearly established. From the posterior border 
of the second, a narrow band of cells extends backward above 
the pharynx. The spinal nerve crest extends backward to the 


level of the cloaca. There are twenty-eight anlagen of spinal 
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nerve ganglia. The two ganglia of the spino-occipital nerves (@.sp.oc.) are represented by enlargements of 
the dorsal ganglionic commissure. The ventral roots of the two spino-occipital and the anterior fifteen 
spinal nerves are established. 

The pharynx (Ph.) is somewhat flattened dorso-ventrally. From its anterior end projects the posterior 
portion of the hypophysis (Hyp.). The anterior portion of this structure is as yet not invaginated. The 
two anterior gill slits (G1.s.I, II) are open, and the ectoderm and entoderm are confluent over the third and 
fourth pouches. In the figure, the skin ectoderm is represented as left in position over these fused areas. 
The oesophagus (Oes.) is long and slender. The liver (L.) arises from the gut at the juncture of the 
oesophagus and the vitelline duct (D.vit.). The pancreas is here seen for the first time in the series of 
reconstructions. It is a small pouch (Pane.) from the dorsal wall/of the gut, over the middle of the vitelline 
duct. The rotation of the gut to the left is already begun. This process has produced a shallow 
groove (L.g.) which extends the entire length of the left wall of the yolk stalk. The spiral valve (Sp.v.) 
at this stage appears as a shallow groove in the wall of the epithelial tube of the intestine. It arises 
on the left side of the yolk stalk, posterior to the pancreas, and makes a little more than one complete 
turn about the gut. The cloaca (Cl.) is somewhat dilated and its floor is in contact with the skin ectoderm 
below it. 

The Wolffian duct (W.d.), although present in the embryos of this series from 3.8 mm. in length 
upward, is here represented for the first time in the series of reconstructions. It has been left unshaded. 
It arises anteriorly from a long groove in the dorsal wall of the coelom and from this groove arise also 
the pronephric tubules. To avoid obscuring the origin of the vitelline artery, the anterior end of the duct 
has been omitted, and the structure is represented as cut across at the lower end of the coelomic funnel 
described above. 

The sinus venosus, atrium (4#.), ventricle (V.), and bulbus cordis (B.cor.) are to some extent 
differentiated. The dorsal mesocardium is entirely absent except at the extreme anterior end of the heart. 
The first and second aortic arches are completely formed. The third is represented by sprouts from the 
dorsal and the ventral aortae, and the fourth by a sprout from the dorsal aorta only. The vitelline 
artery (A.vit.) arises by two trunks (the remains of the two anterior right pronephric arteries) and passes 
ventrally on the right side of the yolk stalk. That part of its course which lies behind the right wall of 
the radix mesenterica (M.mes.) and the yolk stalk is drawn in broken lines. The third pronephric artery 
appears as a slight swelling behind the posterior root of the vitelline artery. The vena capitis medialis 
(V.cap.med.) is still broadly continuous with the dorsal aorta. No distinct vessel can be traced beyond the 
posterior edge of the trigeminal crest, but occasional irregular chambers, connected with the dorsal aortae, 
were present behind this point, in the position occupied later by the posterior part of the v. capitis medialis. 
While it is possible that they represent portions of a partially collapsed but continuous vessel, no such 
structure can be traced in the sections. The left vitelline vein (V.vit.s.) passes from the heart between the 
lobe of the liver diverticulum and the gut, and backward along the groove in the wall of the yolk stalk, 
described above. Near the end of the vitelline duct it receives the subintestinal vein and, passing abruptly 
ventrally, goes to the blastoderm. Anterior to this union with the subintestinal vein, it gives off small 
dorsal shoot which has been termed the recurrent vitelline vein (V.vit.rec.), and which later unites with the 
vitelline vein of the right side. At this stage the vitelline vein of the right side is much smaller than 
that of the left and is not connected with the subintestinal vein. It does not extend to the blastoderm. 
The subintestinal vein (V.subint.) is single throughout the greater part of its course, but bifurcates in front 


of the cloaca. Both right and left branches end blindly after passing a short distance upward on the walls 


of the cloaca. 
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Fig. II. Graphic reconstruction of an embryo 9.0 mm. in length. Normal plate series No. 23. 
(ErEr@ E14 )E>@3g} 


A somewhat simpler method of representation has been employed for this reconstruction. The 
central nervous system and the digestive tract have been left in white, except where shading was necessary 
to bring out important changes in contour. The veins have been omitted. 

The thalamic nerve crest is absent, but there is still a small urtrochlearis (C.urtr.). The trigeminal 
nerve crest (N.trig.) is much as in the preceding reconstruction, with a more distinct anlage of the meso- 
cephalic ganglion (G.mes.). The facial-acoustic (N.fa.-ac.) and glossopharyngeal (N.gl.-ph.) crests need no 
special description. There are three anlagen of branchial ganglia of the vagus (N.vag.) established. The 
first spinal-occipital ganglion is only indicated by a slight swelling of the dorsal commissure — it has no 
ventral root. The second spinal-occipital ganglion (G.sp.oc.) is well established. The ganglia and ventral 
roots of all the spinal nerves shown in the figure are in contact. 


D.endol. Comm.d. R.vis.X. 
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The pharynx has the same general outline as that seen in the reconstruction of the embryo, and 
the hypophysis (Hyp.) and thyreoid (Th.) are in about the same stage of development. The four anterior 
gill slits (Gl.s.) are open in part, and the fifth gill pouch is established. The liver consists of a ventral 
pouch (Li.). The pancreas (Panc.) needs no special description. The lateral groove (L.g.) ofthe vitelline duct 
(D.vit.) extends from the liver to the anterior end of the intestine. The groove of the spiral valve (Sp.v.) 
is also well marked. 

The division of the heart into sinus venosus ($.v.), atrium (At), ventricle (V.), and bulbus (B.cor.) 
is indicate. The three anterior aortic arches are complete. The fourth and fifth are represented 
by arterial sprigs from the dorsal and ventral aortae. Only the upper part of the vitelline artery (A.vit.) 
is figured. 


The subnotocordal rod (S.r.) is seen above the aorta from the level of the vitelline artery backward. 


Fig. 12. Graphic reconstruction from sagittal sections of an embryo 11.5 mm. in length. ‘Normal 
plate series No. 24. (H.E.C. 208.) X 33. 


The general method representation of this reconstruction is similar to that of Fig. ı1, which is of the 
preceding embryo in the normal plate series. The Wolffian duct has been included in this reconstruction. 
The fore-brain vesicle is now distinctly divided into telencephalon (Telen.) and diencephalon. 


It is flexed until its original antero-posterior axis lies in the vertical plane of the head. There is a well 
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marked infundibulum with which the hypophysis (Hyp.) is in contact. The epiphysis (Epi.) and paraphysis 
(Pa.) form two distinct swellings from the roof of the diencephalon. The sulcus rhombo-mesencephalicus 
is well marked. The optic vesicle (O.pv.) is now decidedly cup-shaped, and the lens (Zs.) is completely 
4 separated from the ectoderm. The otic vesicle (Oto.) is connected with the skin ectoderm by a long 
slender endolymphatic duct (D.endol.). The thalamice and urtrochlear crests have entirely disappeared. The 
first of the eye muscle nerves, the oculomotor (N.oc.) is well established and is connected at its distal end 
with the ciliary ganglion (@.cil.). The ganglion of the trigeminus (N.irig.) is shaped like an inverted V, as 
in the preceding stages. There is still present a narrow ganglionic filament — the remains of the old 
urtrochlear process (Pr.urt.). The mesocephalic ganglion (G@.mes.) is expanded. It is connected by a few 
slender strands with the ciliary ganglion (@.cil.), which lies directly mesial to it. Both the mandibular (R.md.V) 
and the maxillary (R.mx.V) ramus of the trigeminus are well developed. The facial-acoustic nerve complex 
(N-fa.-ac.) is also well advanced. The hyoid ramus (R.hyo.VII) extends half way down the second arch. 


' The superficial ophthalmic ramus is absent on the left (reconstructed) side but is present on the right side. 


N.g.-ph. Comm.d. 
No. Nitrig. N.fa.ac. Oto. D.endol. | Nvag. G.r.lat.X | G.sp.oc. 7 Sp. Avit. Proneph. Mes.t. 


P.urt. 


@.cil. 


2 Q [|| ARE @l.s. Ao.vent. Rovis.X 8. At. L.a. G.bl.L.l. Dit. Panc. L.g. Spw. R.mes. 
| Epi. V 
= 


Pa. Is. Opw. *Hyp. A.oph. R.mx.V Fig. 12. 


The glossopharyngeal (N.g.-ph.) and vagus (N.va.) crests are connected by a narrow dorsal commissure. The 
three anterior branchial ganglia of the vagus are established, and that part of the crest lying posterior to 
these is slightly divided into an upper lateral ramus portion (G.r.lat.X) and a lower portion, from which the 
\ remaining branchial ganglia will form and from which the visceral ramus (R.vic.X) will arise at a later stage. 
No special description need be given of the spino-occipital and spinal nerves. The dorsal and ventral roots 
of the latter have united, although in the reconstruction they are indicated as cut away proximal to the 
point of union. | 
The pharynx is markedly elongated and the first five gill slits open to it. The hypophysis 
(Hyp.) is well marked. The thyreoid now lies between the two ventral aortae and is completly 
hidden by them. The main divisions of the liver are present at this stage. A small anterior diverti- 
culum (L.a.) extends forward between the vitelline veins.. The left lateral pouch (L.l.) extends upward 
a little above the dorsal wall of the gut, and is joined below with the median chamber. From the base of 
the median chamber projects a small rounded pocket, the anlage of the gall bladder (G.bl.). The pancreas 


(Panc.) is still broadly attached to the dorsal wall of the gut but the connecting stalk is somewhat con- 


stricted transversely. The groove (L.g.) in the left wall of the vitelline duct (D.vit.) is a little more pro- 
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nounced than in the preceding stage. The 
Wolffian duct (W.d.) opens into the coelom 
above the pancreas. Above this opening, which 
in the reconstruction is covered by the mesothelial 
lining of the body cavity, are two small pro- 
nephric tubules (Proneph.). The mesonephric 
tubules (Mes.t.) are broadly connected with the 
coelom and, looping over the Wolffian duct, 
end in slight expansions. 

The atrium (At.) and ventricle of the heart 
are separated by a slight constriction. The 
pericardial cavity is cut off from the coelom at 
the median line by the septum transversum 
There are four complete aortic arches and 
the fifth is in the process of formation. The 
vena capitis medialis is now completely separated 
from the aorta. As in the preceding recon- 
struction, the vitelline artery (A.vit.) arises from 
two trunks, and behind the second root, the 
third pronephric artery forms a marked dilatation 


of the aorta. 


Figs. 13 and I4. Graphic reconstructions 
of an embryo 15 mm. in length. Normal 
plate series No. 26. (H.E.C. 227.) 
Fig. 13% 28, Big; 14% 33. 

In Fig. 13 a return is made to the general 
style of illustration employed in Fig. 10. However, 
no attempt has been made to represent by shading 
the moulding of the lateral surface of the pharynx 
and all the veins except the common cardinals 
and the proximal end of the vitelline have been 
omitted. 

The telencephalon (Telen.) is widely ex- 
panded, and the deep infundibular sack is 
curved a little cranially. The velum trans- 
versum and the paraphysis (Pa.) are well marked. 
Behind the paraphysis is the elongated epiphysis 
(Epi.) which is now distinctly divisable into an 
expanded distal portion and a narrower proxi- 
mal stalk. The mesencephalon is somewhat 
expanded and is sharply marked off from the 
hind-brain posteriorly by a distinct rhombo- 


mesencephalic fissure (F\r.-mes.). The hind-brain 


“ 


. 


R 
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is elongated and much expanded dorsally. The boundary between the thickened lateral walls and the epen- 
dymal roof is indicated by a dotted line. Between the rhombo-mesencephalic fissure and the anterior end 
of this dotted line is a thickened segment of the roof of the hind-brain, the anlage of the cerebellum (Cb.). 
The spinal chord needs no particular description. The area of origin of the olfactory nerve (N.olf.) is indicated 
on the wall of the fore-brain. The oculo-motor nerve (N.oec.) is similar in position and relations to that of 
the preceding reconstruction. The trigeminal nerve, however, exhibits several important changes. Above the 
mesocephalic ganglion (G.mes.) arises two minute branches, the upper of which is the superficial ophthalmic ramus 
(R.oph.sup.V). The mandibular and maxillary branches of the trigeminus extend ventrally to the base of 
their respective arches and are shown in the reconstruction as cut off near their distalends. The ganglionic 
mass of the facial-acoustic complex is divided definitely into a posterior acoustic part (N.ac.) and an anterior 
facial portion. The latter shows some subdivision into hyoid, buccal, and superficial ophthalmic portions. 
From the anterior end of the last the superficial ophthalmic ramus (R.oph.sup.VII) extends forwards 
to a point anterior to the cephalic edge of the ganglion of the trigeminal nerve. The hyoid ramus 
(R.hyo.V11.) extends to the base of the hyoid arch. The glossopharyngeal nerve (N.g.-ph.) needs no special 
description. Four branchial divisions of the vagus ganglion (N.vag.) are present in this embryo. They are 
represented as cut off near their origin from the general ganglionic mass. The visceral ramus (R.vic.X) is 
prolonged backward dorsally and laterally to the oesophagus to the mid cardiac region. A slight 
enlargement of the posterior dorsal angle of the general ganglion of the vagus represents the point of 
origin of the lateral line ramus. The upper dorsal ganglionic commissure (Comm.d.) connects the posterior 
border of the vagus ganglion with the first and second spinal-occipital ganglia. These two structures 
which appear only as enlargements of the dorsal ganglion of the commissure are not connected with 
their ventral roots which are seen directly below them. There are fourty seven spinal ganglia (Sp.g.) in 
the trunk region anterior to the posterior end of the cloaca. The dorsal ganglionic commissure, which 
until this stage has connected the spinal ganglia, is now broken down between the anterior twelve ganglia 
and between five ganglia of the mid trunk region. The entire length of the spinal nerves has been 
represented in the reconstruction. Their elongation in the regions of the pectoral and pelvic fins is quite 
noticeable. Sympathetic ganglia (Symp.) are present upon the ventral rami of the spinal-occipital nerves 
and anterior forty-one spinal nerves. The dorsal rami of the spinal nerves are represented as cut off near 
their origin from the nerve trunk. 

The optic vesicle (Op.v.) is elongated and deeply cup-shaped. In it is lodged a large egg-shaped 
lens (Ls.). The otocyst (Oto.) needs no special description. The ductus endolymphaticus (D.endol.) still opens 
to the ectoderm by a long furrow. 

It has been necessary to give a rather diagrammatic view of the pharynx because of the great growth 
of the gill clefts. These structures are represented as cut off close to their origin from the pharynx. The 
hypophysis (Hyp.) extends forward from the anterior end of the pharynx and lies in contact with the upper 
wall of the infundibulum. It is slightly expanded at its cranial extremity. The thyreoid gland (T%.) is 
somewhat obscured in the figure by the ventral aorta. Its dorsal outline, however, is represented by dotted 
lines. It can be seen that it is attached to the pharynx along the anterior half of its dorsal surface. The 
pharynx is abruptly constricted immediately behind the fifth gill cleft, passing over into the rather elongated 
oesophagus. The stomach, which is obscured in the figure by the lateral lobes of the liver (L.), is 
but little larger in caliber than the oesophagus. That portion of the gut which represents the duodenum 
(Duo.) is slightly less in caliber than is the stomach, and is directed a little ventrally; this bending is the 
first indication of the duodenal loop. The vitelline duct (D.vit.) now enters mainly on the right side of the 


intestine. Eight turns of the spiral valve ($Sp.v.) are present. The intestine is much constricted just anterior 
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to the cloaca. The cloaca (Ol.) is somewhat elongated and the middle third of its floor is in contact, but 
not fused, with the thickened anal plate of ectoderm. The lateral lobes of the liver (L.) extend upward 
above the dorsal wall of the gut. Secondary pouches are forming in large numbers from the walls of the 
main chambers. The anterior lobe, which is obscured in the figure by the sinus venosus, is as yet smooth. 
The gall bladder (@.bl.) now is present as a large ventral pouch the posterior end of which is entirely cut 
off from the median chamber of the liver. The pancreas (Pane.) is connected with the dorsal wall of the 
intestine upon the right side, by an elongated, laterally constricted neck. Three secondary pouches are 
forming from the roof of the pancreas. The Wolffian duct (W.d.) opens into the body cavity anteriorly. 
It is fused posteriorly with the lateral wall of the cloaca near its dorsal boundary. Forty-one mesonephric 
tubules (Mes.t.) are present, the anterior three being exceedingly small. None of the tubules are fused with 
the Wolffian duct, but all except the three anterior overlap this structure to some extent. The pericardial 
cavity (Pe.) is completely cut off from the coelom along the median line by the septum transversum (S.trans.). 
The atrium (At.) now lies almost entirely dorsal to the ventricle (V.) and is connected with it by a distinct 
atrioventricular canal. 
This is the first embryo of the series in which the development of the efferent and afferent 
branchial blood vessels from the aortic arches is indicated. This stage has seemed of sufficient interest to 
A.hyo.eff. Arbr.eff.  Ao.dors. require more detailed illustration than that 
given in the general reconstruction, and for 
this purpose Fig. 14, asomewhat more enlarged 
and slightly diagrammatic view of the same 
structures has been added. The description 
S.ceph. following applies equally to Figs. 14 and ı5 
as the same nomenclature is employed in both. 
The first aortic arch (Ao.a.I) is much reduced 
in caliber, except for a small dilated portion 


\ \ . . . . . 
#4: A.hyo.aff. Ao.vent. A.br.aff. B.cor. which lies immediately under the posterior 


part of the first gill eleft, and which represents 


Fig. 14. 


the position in which the capillary system 
of the spiracular demi-branch will be formed. Anteriorly the first aortic arch joins with its fellow of 
the opposite side forming the base of the sinus cephalicus ($.ceph.). The deep ophthalmic artery (A.oph.) 
arises just anterior to this juncture and runs forward mesial to the optic cup. The second aortic arch 
gives off by two small channels a small and somewhat irregular parallel vessel which represents the 
second or hyoid afferent artery (A.hyo.eff.). Near its ventral extremity this vessel gives off four small 
vascular sprouts which pass into the gill filaments of this arch. The efferent arteries (A.br.eff.) of the third 
and fourth arches are represented by two “T”-shaped vessels springing from the anterior surfaces of the 
respective aortic arches near their dorsal ends. As yet no efferent vessel is represented in the fifth aortic 
arch. The sixth aortic arch is incomplete but vascular sprouts extend upward and downward from the 
ventral and dorsal aorta respectively. The dorsal sprout is joined with the fifth arch by a broad channel. 
From the base of the sixth arch a small vascular sprout passes backward for a short distance over the 
surface of the pericardium. A small vascular sprout also extends backward from the base of the dorsal 
sprout of the sixth arch. The segmental arteries (A.seg.) of the dorsal aorta are established throughout the 


greater part of the trunk region. The vitelline artery (A.vit.) arises by three distinct roots. In all other 


members of the series this vessel arises by two roots and the third or posterior root is represented by a 


slight enlargement on the left side of the aorta. The veins shown in Fig. 13 hardly need description. The 
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sinus venosus receives on either side a 


Symp. 
R.mes 
Spv 
Panc. 


‚Mes.t. 


vitelline vein (V.vit.) and a common cardinal 


(V.card.com.). The latter breaks up into the VB -L > 


posterior and anterior cardinals in the usual 


Duo. 


manner, 


Fig. 15. Graphic reconstruction from 


W.d. 


sagittal sections of the anterior 


D.vit. 


half of an embryo 18.0 mm. in 


length. Normal plate series No. 27. 
(H.E.C. 204.) X 33: 


The plan used in the representation 


VW 
& 


D.chol. 


@.bl. 


of this reconstruction is the same as that 


Sıtrans. 


employed in Figs. ıı and 12. It has been 


> 


x 


necessary, however, to omit the optic vesicle 


| 


V.lat. V.vit. 


and lens, and to represent the gill slits as 


—— 


cut off close to their origin from the pharynx. 


The use of sagittal sections does not permit 


X X V.card.com. St. Proneph. Avit. 


| 


of accurate reconstruction of the branchial 


R.lat. R.vie. 
B.cor. 


blood vessels so these structures are also 


G.sp.0C. 


represented as cut away close to their origin. 


The widely expanded telencephalon 


\ 


(Telen.) now extends forward decidedly over 


NSS 
Th 
Fig. 15. 


| the roof of the tube-like diencephalon. The 


\ 


optic stalk (Op.s.) is shown in cross section. 


X N.vag. Comm.d. 


Its anterior wall is markedly thickened by 


the invasion of optic fibers. The epiphysis 


\ 


G.epib. G.epib. 


D.endol. IX 


(Epi.) and paraphysis (Pa.) are seen as two 


prominent structures springing from the roof 


R.ımd.V  R.hyo. VII 


of the diencephalon. The infundibular sack 


v 


/ 
S 


is somewhat obscured by the structures 


v1 


overlying it. It is bounded above by 
shallow lateral grooves. The mesencephalon 


is somewhat expanded and is sharply 


separated from the hind-brain by the deep 


rhombo-mesencephalic fissure (F\r.-mes.). The 


anlage of the cerebellum forms a small 


G.epib. 
N.trig. N.fac. VII N.ac. N.ab. Oto. 


but distinct thickening on the roof of the 
hind brain. There is no distinct line division 
between the myelencephalon and the cord. 
The oculomotor nerve (N.oec.) extends back- 
wards to the level of the optic stalk. The 


R.oph.sup.V No. 


mesocephalic ganglion (G@.mes.) is connected 


with the anterior end of the main ganglion 
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of the trigeminal nerve by a short ganglionic commissure. From the anterior edge of this commissure there 
projects forward a small filament, the superficial ophthalmic ramus of the trigeminal nerve (R.oph.sup.V). 
It extends ventrally from the mesocephalic ganglion nearly to the roof of the diencephalon. Both the 
mandibular and maxillary rami of the trigeminal nerve (R.md.V; Rm.x.V.) extend to the base of the first gill 
arch. In the reconstruction they are represented as cut off about the middle of their course. The facial 
complex presents several features decidedly different from those seen in the preceding reconstruction of an 
embryo 15 mm. in length. The superficial ophthalmic ramus (R.sup.oph.VII) extends forward to the anterior 
border of the mid-brain. The buccal ramus (R.buce. VII), the ganglion but not the nerve of which was present 
in the preceding embryo, now extends to the base of the first arch. The epibranchial ganglion (G.epib. VLI) 
is well marked and the hyoid ramus (R.hyo.VII) extends to the base ofthe second arch. The acoustic nerve 
(N.ac.) needs no special description. The abducent nerve (N.ab.) is entirely covered by the facial complex 
and by the otocyst and is represented in dotted lines in the figure. It springs by three roots from the floor 
of the hind-brain mesial to the otocyst. This structure (Oto.) is somewhat broader in proportion to its length 
than was the otocyst in the preceding reconstruction. The sacculus (Sac.) is represented by a large ill 
defined pouch in the floor. The glossopharyngeal nerve shows no feature of special interest aside from 
the well established epibranchial ganglion (G.epib. IX). The first three epibranchial ganglia of the vagus 
are clearly established and the corresponding branchial rami extend about half way down their respective 
arches. The lateral line ramus (R.lat.X) extends backward to the level of the duodenum, but in the figure 
it is represented as cut off near its origin from the ganglion. The visceral ramus (R.vis.X) extends backward 
to the anterior end of the stomach. The spinal — occipital ganglia are represented by two enlargements of 
dorsal ganglionic commissure (Comm.d.) which connect the ganglion to the vagus with the first spinal 
ganglion. The motor roots of the spinal — occipital nerves are well developed, but are not connected with 
the ganglia (G.sp.oc). The first fifteen spinal ganglia are represented in the reconstruction. They are all 
connected by the dorsal ganglionic commissure, although in a younger embro I5 mm. in length, which is 
represented in Fig. 13, this ganglionic commissure is broken down in the anterior part of the trunk region. 
The sympathetic ganglia (Symp.) are seen as small oblong or spherical masses lying on the mesial surface 
of the spinal nerves at the level of the dorsal aorta. 

All six gill slits now open to the pharynx. The thyreoid (7h.) lies below the second slit and is 
connected with the floor of the pharynx only by a slender cord. The hypophysis (Hyp.) extends forward 
and covers the anterior part of the infundibulum. Its connection with the pharynx is somewhat constricted. 
The distal portion is expanded and divided by shallow grooves into an anterior and two lateral lobes. 
Posteriorly the pharynx is very abruptly constricted to form the oesophagus which is dilated in turn, 
forming the long cylindrical stomach ($%.). The duodenum (Duo.) is bent downward at an angle of nearly 
90° to the stomach, and also somewhat to the left. A slight constriction marks the boundary between 
these two structures. The vitelline duct (D.vit.) now opens to the intestine almost entirely in the right side. 
There is a small diverticulum in the duct just before its entrance into the intestine. The pancreas (Panc.) 
is somewhat lobulated; a ventral and posterior portion which probably represents the head of the adult 
organ being particularly prominent. The liver (L.) is represented as sectioned in the median line. The 
gall bladder (G.bl.) lies ventral to the posterior portion of the liver and is covered on its ventral surface 
by a layer of peritoneum. It is connected by a short broad cystic duct with the dilated distal end 
of the ductus choledochus (D.chol.). This dilatation also receives four hepatic ducts, three of which 
are represented in the figure. The ductus choledochus joins the duodenum on the right side just 
anterior to the entrance of the vitelline duct. The Wolffian duct (W.d.) arises from the body cavity by 


a long shallow groove, from the anterior end of which project upward two small funnels, the remains 


nt 
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of the two anterior tubules of the pronephros (Proneph.). The anterior mesonephric tubule is not connected 
with the body cavity. The three following tubules are connected with the body cavity, and overlap the 
Wolffian duct laterally but are not connected with this structure. The remaining tubules (Mes.t.) shown in 
the figure are connected with both the coelom and Wolffian duct and possess two marked sacculations. 
They may be compared in their stage of development with those of an embryo of Pristiurus 17 mm. in length 
reconstructed by RAaBL and illustrated in Fig. 17 of Plate XVII, of his “Theorie des Mesoderms’”. 

The pericardial cavity is now distinctly cut off from the coelom along the median line by the 
septum transversum (S.trans.). The heart needs no particular description. As stated above the branchial 
vessels are represented as cut off near their origin. The deep ophthalmic artery (A.oph.) is seen extending 
forward lateral to the hypophysis and dividing into two branches above the optic stalk. The vitelline 
artery (A.vit.) arises from the dorsal aorta by one trunk at the level of the septum transversum. The large 
veins passing into the sinus veinosus are in a similar stage of development to that described and figured 
for the embryo I5s mm. in length, except that the lateral vein (V.lat.) now enters the sinus venosus 


between the common cardinal and vitelline vein. 


Fig. 16. Graphic reconstruction of an embryo 20.6 mm. in length. Normal plate series No. 28. 
(EIBER@ET7OA) ESEL: 


This is the last of the series of reconstructions of the general anatomy presented in this paper. 
The general method of representation of the various structures is similar to that employed in Fig. ı2. The 
pharynx, however, is indicated only in outline, because any representation of the great expanded gill clefts 
would obscure other structures. The optic vesicle has been omitted for the same reason. 

The reconstruction shows the great enlargement of the telencephalon vesicles (Telen.). The floor 
of the fore-brain is also directed somewhat upward anteriorly. The diencephalon is somewhat constricted 
at its cephalic end, and its roof is now almost entirely occupied by the well marked paraphysis (Pa.) and 
epiphysis (Epi.). The latter structure is decidedly dilated at its distal extremity. Although not distinctly 
indicated in the figure there is a slight subdivision of the diencephalon into parencephalon and syncephalon. 
The infundibulum (Inf.) is markediy enlarged and the well marked mammillary process is directed 
anteriorly. The mesencephalon (Mesen.) is markedly dilated and the rhombo-mesencephalic fissure (F\r.-mes.) 
now indents the lateral wall of the brain from dorsal to ventral surface. The anlage of the cerebellum 
is represented by a decided thickening of the roof of the hind-brain. The oculomotor nerve (N.oc.) extends 
backwards as far as the notochord. The trochlearis (N.tr.) is represented by a small filament arising from 
the dorsal surface of the brain in line with the rhombo-mesencephalic fissure. The trigeminal nerve (N. trig.) 
is somewhat obscured by the overgrowth of the ganglion of the facial nerve. Its ganglion is “A”-shaped in 
outline, and the mesocephalic ganglion (G.mes.) is decidedly enlarged. From the ganglionic bridge connecting 
these two structures there extends forward as small filament, the superficial ophthalmic ramus of the trigeminus 
(R.oph.sup.V). The deep ophthalmic ramus (R.oph.pro.V) extends downward a short distance beyond the 
mesocephalic ganglion. The ganglion of the facialis shows distinct division into three parts; the ganglia of 
the ramus ophthalmicus superficialis (@.r.oph.sup. VII), the ramus buccalis (G@.r.buce. VII) and the ramus hyoideus 
(G.r.hyo.VII). From the ventral surface of the last of these springs a small filament, the palatin ramus 
of the facial nerve. The acoustic ganglion covers a small portion of the ventral and lateral surfaces 
of the otocyst. The glossopharyngeal ganglion (G.g-ph.) is represented as cut off near its origin from 
its dorsal surface and a small nerve filament, the supra-temporal ramus (R.s-#. IX) extends upward along 


the external surface of the posterior canal pocket. The four branchial rami of the vagus (@.br.X) are 


represented as cut off near their origin. The lateral line ramus (R.lat.X) of the vagus extends backwards 
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to the mid trunk region, but is represented in the 
figure as cut off between the second and third spinal 
ganglia. The dorsal ganglionic commissure (Comm.d.) 
is still continuous between the vagus and the first 
spinal nerve. Two slight enlargements of the com- 
missure represent the first and second occipital ganglia 
respectively. The ventral roots of the spino-occipital 
are seen extending under the cover of the posterior 
part of the vagus ganglion. The first four spinal 
nerves are completely reconstructed;; it will be noticed 
that the second, third and fourth extend backwards 
towards the base of the pectoral fin. In the trunk 
region the dorsal ganglionic commissure is now absent 
except between the thirty-second and thirty-third spinal 
ganglia (Sp.g.). The sympathetic ganglia (Symp.) are 
much enlarged and are present on all the spinal nerves. 
The eye is omitted from this reconstruction, but the 
As in 


the preceding reconstruction the ventral wall of this 


optic stalk is shown in cross section (Op.s.). 


structure is somewhat thickened, indicating the in- 
vasion of the optic fibers. The origin of the olfactory 
nerve is indicated in stipple upon the base of the 
lateral surface of the telencephalic vesicle (N.olf.). 
The terminal nerve, of Pınkus or Locy (N.term.) 
arises just mesial to the olfactory. The otocyst shows 
a considerable advance in development when compared 
with the condition of this structure in the preceding 
embryo, the anterior, lateral, and posterior canal 
pockets (O.p.ant.; lat.; post.) are distinctly outlined and 
the sacculus (Sae.) which was barely indicated in the 
otocyst of the 18 mm. embryo is now a well marked 
sack lying below the lateral canal pocket. The ductus 
endolymphaticus arises from the mesial wall of the 
otocyst. 

As has been mentioned above the pharynx is 
only indicated in outline. From its anterior dorsal 
angle springs the hypophysis (Hyp.) now distinctly 
divided into an anterior expanded portion and a 
narrower posterior stalk. The anterior portion is in 
turn subdivided into one median and two lateral 
pouches. The anterior end of the oesophagus (Oes.) 
is much expanded transversely, but becomes reduced 


almost immediately into a tube which is almost circular 


in cross section. The stomach ($t.) is somewhat dilated 


nn 
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and distinctly marked off from both the oesophagus and the duodenum. The duodenum (Duo.) is of large caliber, 
and is directed downward and backward at an angle of nearly forty-five degrees to the stomach. At its base 
it receives the ductus choledochus (D.chol.). The vitelline duct (D.vit.) now much reduced in size, enters the 
gut at the point of juncture of the duodenum with the intestine proper. The twisting process which forms 
the spiral valve has also produced a deep furrow on its posterior and ventral surface. The spiral valve ($p.v.) 
makes thirteen complete turns. The segment of the gut lying immediately behind the spiral valve and 
anterior to the cloaca tapers gradually posteriorly. The cloaca (Ül.) receives the Wolffian ducts. Its floor 
is in contact along its entire extent with the anal plate of ectoderm. The liver (L.) has been represented 
in median section as in the reconstruction of the embryo of 18 mm. (Fig. 15). The gall bladder (G.bl.) now lies 
with its long axis almost in the dorso-ventral plane of the body. It is expanded distally, and constricted 
at its upper end to form a short broad cystic duct (D.cyst.). This structure opens into a small chamber, 
corresponding with the original median chamber of the liver, which receives also three hepatic ducts. From 
this median chamber the ductus choledochus (D.chol.) passes backward to the duodenum first bending 
upward and then downward in its course. The pancreas (Panc.) is now broadly expanded distally, and a 
large number of secondary pouches are given off from the walls of the original one. The large pancreatic 
duct (D.pane.) is represented by a ridge upon the lateral surface of the structure. The duct opens into 
the intestine on the ventral edge of its left surface just posterior to the duodenum. Near the entrance 
of the pancreatic duct is a small mass of pancreatic tissue which represents the head of the adult pancreas 
Be This is the first figure showing the rectal or digitiform gland (Dig.gl.). This structure arises 
from the right and dorsal surface of about the middle of the post-valvular portion of the gut, and extends 
a little forward. It is connected with the gut along almost its entire base. Anterior to the digitiform 
gland is a long narrow slit in the mesentery, the beginning of the mesenteral fenestra (Mes.f.). The 
Wolffan duct (W.d.) arises by a long coelomic funnel at the level of the sixth spinal nerve, and joins 
the cloaca near the dorsal median line and its posterior third. Thirty-seven mesonephric tubules are 
present, but only the anterior five are represented in the reconstruction, the others being indicated only 
by the ends of their distal portions where joining the Wolffan duct. The first three mesonephric tubules 
are rudimentary, the first two not being fused with the Wolffian duct. The fourth and fifth mesonephric 
tubules (Mes.t.) show the characteristic form of the series, and consist of a narrow anterior and a dilated 
posterior chamber, the latter communicating with the Wolffian duct by a constricted neck. These may be 
compared appropriately with those represented in Figure 20 of Plate XVII of Carr Ragr’s “Theorie des 
Mesoderms”. 

The outlines of the heart are somewhat obscured by the overlapping blood vessels. The general 
antero-posterior shortening of the structure is, however, quite noticeable. The bulbus cordis is very 
much shortened and thickened and tapers down to a vessel of small caliber anteriorly. The formation of 
the efferent and afferent branchial vessels is now far advanced. In the reconstruction the afferent series of 
vessels is differentiated from the remaining arterial system by being represented in black crossed with white. 
The original ventral connection of the first aortic arch with the ventral aorta is now completely obliterated, 
but extremely small vascular cords represent the position of the connection. There is no indication 
of a thyreo-spiracular artery in this specimen. A broad and well established vessel now connects the 
hyoidean artery with the first aortic arch. Midway between this anastomosis and the sinus cephalicus the 
capillary system of the spiracular demibranch (*) is in the process of formation. The posterior part is already 
differentiated into short vascular loops the cut ends of which are seen in the figure. The anterior part is 


in a state of development comparable with that seen in the second and third arches in the embryo of 


15 mm. (Figs. 13, 14). The afferent artery of the hyoid arch is completely separated from the efferent 
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vessel (A.eff.hyo.) except for a large number of capillary loops which extend into the gill filaments. For the 


sake of clearness these have been omitted in the figure. The third and fourth aortic arches present. 


characteristic stages in the differentiation of these structures and may be described together. The third 
the afferent artery still possesses dorsal and ventral communications with the efferent vessel, but these 
communications are very much reduced in size and their lumina are almost occluded. The efferent artery 
is divided into a posterior and anterior limb. These two vessels are connected by three large irregular 
vascular channels which lie mesial to the afferent vessel. The stubs of the vascular loops of these 
demibranchs have been represented in outline. The efferent portion of the fourth aortic arch is 
similar to that of the third with the exception that the ventral communication with the afferent vessel is 
represented only by a short sprig in which the lumen is occluded, and that there are two instead of three 
communications between the anterior and posterior portions of the afferent artery. The fifth aortic arch 
represents a somewhat earlier stage in the development of the branchial arterial system. Both the afferent 
and efferent vessels form complete connections with the ventral and dorsal trunks of the arch although the 
dorsal connection of the afferent vessel is considerably reduced in size. The afferent portion is divided 
into anterior and posterior sections after the same manner described for the two preceding arches. The 
afferent portion of the sixth arch has retained its original size throughout and is complete. The efferent 
portion is represented by a vessel springing from the dorsal end of the arch extending ventrally anterior 
to the afferent portion and communicating with the ventral root by a very small channel. From this 
afferent portion there extend posteriorly, mesial to the efferent trunk, several irregular sprouts which 


are doubtless destined to form the last branchial artery. That section of the dorsal aorta Iying between 


the second and third arches is much reduced in caliber, and the connection between the first arch and 


the dorsal aorta, i. e., the sinus cephalicus, is somewhat obscured in the figure by the overlapping nerves. 
It is very much enlarged and from it the ophthalmic artery (A.oph.) extends forward mesial to the optic 
cup. The first of the visceral arteries, the coeliac artery (A.coel.), is now established. It arises by two 
segmentally placed branches from the aorta just posterior to the pancreas and extends a short distance both 
forward and backward in the mesentery. 

From the sinus venosus there spring three sets of vessels. Dorsally there extends a short thick 
common cardinal (V.card.com.) which divides almost immediately into the anterior and posterior cardinals. 
The lateral vein (V.lat.) opens below the common cardinal vein. The opening on the anterior surface of 


the lateral vein is that of the jugular vein. 


Fig. 17. Graphic reconstruction of the head somites of an embryo 4 mm. in length. Normal plate 
series No. 16. (H.E.C. 430.) X 33. 


The general method of representation which has been employed in this figure is the same as that 
used particularly for the mesodermic structures in Fig. 6. The embryo is represented as sectioned trans- 
versely a little behind the anterior wall of the yolk stalk. The general description of structures other than 
the mesoderm is given in connection with the description of Fig. 7 which is another reconstruction of the same 
embryo. The mandibular somite (So.mand.) consists of a large distal chamber extending forward above the 
eye and lying lateral to the pharynx and mid-brain. It is connected with the general lateral mesoderm by 
a short broad stalk. The small premandibular somite (So.prem.) lies mesial to the ventral portion of the 


mandibular somite. It is connected anteriorly by a short broad stalk with the anterior somite (So.ant.). 


This body is definitely formed and possesses epithelial walls dorsally, but it is mesenchymous ventrally, 


——— 


T|—— 
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and it has been found impossible to determine the exact boundary between its anterior wall and the 
mesectoderm of the thalamic nerve crest. The approximate boundary of the two structures is indicated by 


a dotted line. The hyoid somite (So.hyo.) lies above So.mand. So.hyo. O.g-ph.-vag. 


the dorsal margin of the distal expansion of the 


DD 


C.trig.fac. 


III 


S 


mandibular somite. It is still broadly connected with 


IE 


the lateral mesoderm posteriorly, and with a short 
broad stalk which passes downward and unites with 
the stalk of the mandibular somite at the base of 
the hyoid arch. No definite pericardial cavity has 
been established at this stage, but it will be noticed 
that the ventral portions of the lateral plate of St.mand. St.hyo. 
mesoderm (Pe.w.) are extended laterally on either side 
of the anterior intestinal portal. Between the inner Op. So.ant. So.prem. 
surface of this portion of the lateral mesoderm, Bsız 

and the lateral walls of the digestive tube is found an irregular and broken cord of angioblastic cells, — 


the anlage of the endothelial heart. 


Fig. 18. Graphic reconstruction of the head cavity of an embryo 4.8 mm. in length. Normal plate 
series No. I8. (H.E.C. 1398.) X 33. 


For general anatomy this reconstruction may be compared with Fig. 8, a reconstruction illustrating 
the general anatomy of the same embryo. The mandibular somite (So.mand.) now lies somewhat more 
anteriorly and dorsally in relation to the brain than it did in the preceding reconstruction. Its stalk 
is somewhat longer and its ventral and posterior part is curved slightly downward; a change due to 


the rapid growth of the first gill arch. Only 


C.trig. 


the dorsal portion of the premandibular somite 
(So.prem.) now lies mesial to the mandibular. N ne 
The anterior somite (So.ant.) is now completely Ciihal. 
separated from the premandibular somite, although 


it is nearly in contact with that structure. It lies 


entirely anterior to the premandibular, as well as 


. 3 { i 2 en 
the mandibular, somite. Anteriorly and ventrally u e) 
it becomes indistinguishable from the mesectoderm Opw. So.ant. | So.mand. 1st@l.c. St.mand. Pe.w. Pe. 
: . o : So.prem. 
of this region, in the same manner as in the Es 
ig. 18. 


embryo of 4.0 mm. The hyoid somite ($o.hyo.) 
now lies mainly above and a little anterior to the first gill plate. Although broadly connected with the 
mesoderm of the second gill arch, a slight constriction in its ventral border indicates the point at which it 


will later separate from this mass. 


Fig. 19. Graphic reconstruction of the head somites of an embryo 5.2 mm. in length. Normal 
plate series No. 20. (H.E.C. 1352.) X 33. 


This is a reconstruction of the same embryo as that represented in Fig. 9. The elongation of the 


pharyngeal region and general growth of the head has continued the changes in position of the somites 
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which are illustrated in preceding reconstructions. The stalk of the mandibular somite (So.mand.) is still 
more elongated as compared with the expanded distal extremity. The distal half of the premandibular 


Ourir. So.hyo. C.fa.ac.  C.g-ph. Crvag. somite (So.prem.) lies mesial to the mandibular 


somite.e The premandibular somite is also 
elongating antero-posteriorly and its posterior 
extremity now extends into the upper part 
of the first gill arch. The posterior edge of 
ur. the anterior somite (So.ant.) is now slightly 


overlapped by the anterior part of the pre- 


mandibular. All the walls of the anterior 


somite are now definitely outlined in meso- 


Pe. thelium. The somite has shifted in position 
Op. ur | So.mand. 1st@l.c. St.mand. St.hyo. until its long axis lies almost exactly in the 
o.prem. 
Fig. 19. transverse plane of the body. 


Fig. 20. Reconstruction of the head somites of an embryo 9 mm. in length. Normal plate series 
No. 23. "(ERE:C 27495.) 7%,33: 


This figure represents the head cavities of an embryo already shown in reconstruction in Fig. 11. 
The mandibular somite (So.mand.) is very much elongated and is attached by a stalk nearly four times as 
long as the somite itself, to the anterior end of the pericardium. The premandibular somite (So.prem.) is 
lenticular in cross section, and is covered anteriorly by the mandibular and anterior somites. The anterior 
somite is crescenteric in outline, and lies 


N.trig. N.fa.ac. Oto. D.endol. .g-ph, 
.g-ph. & i ö 
een a Comm.d. in a small space between the optic vesicle 
— 


below and the mandibular somite above. 
Its anterior portion lies almost exactly in 


the antero-posterior plane of the body. The 


C.urtr. 
hyoid somite (S$o.hyo.), which is completely 
‚So.mand. f f 
separated from its stalk, overlaps the mandi- 
FT bular somite a little dorsally. The stalk of 
So.ant. 


the hyoid somite (St.hyo.) extends upward 
from the pericardium, from which it 


originates in company with the stalk of 


the mandibular somite, to the top of the 


1st@l.c. St.mand. St.hyo. Pew. 
- hyoid arch. Its dorsal end is mesenchymous. 


Fig. 20. 
The first, second and third branchial somites 


have not been represented in the reconstruction, but their stalks which are in the main mesenchymous, 
are indicated as cut off close to their connection with the pericardium. The general anatomy of the embryo 


is described in connection with Fig. ı1. 


Fig. 21. Dissection of an embryo of Squalus acanthias, 15 mm. in length, corresponding to normal 
plate series No. 26. X 6. 


The following is the first of a series of dissections illustrating the general appearance of the viscera 


of a series of embryos carefully correlated with certain stages of the normal plate series. The ventral body- 


1, 
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wall has been removed and the dissection has been carried forward to the base of the mandibular arches. 
The thyreoid gland (T%R.) is a small tongue-like body, the base of which is attached to the pharynx. 
The heart still possesses its primitive “S”-shape, and in the view presented only the 
ventricle and bulbus cordis are seen, these structures obscuring the dorsally placed 
atrium. Although the septum transversum is formed along the median line a, 
this stage, it is obscured in this view by the overlapping liver. The liver (L.) 
consists of two lateral lobes and an anterior median and connecting portion. The 
right lobe is somewhat larger than the left. The vitelline duct opens slightly 
to the right side into a somewhat dilated portion of the gut. To the left of 
the vitelline duct is seen the projecting ventral edge of the pancreas (Panc.). The 
spiral valve (Sp.v.) makes eight turns. The great obliquity of the upper turns 
as compared with the lower is noticeable. The gut narrows rapidiy behind the 
last turn of the spiral valve, as it approaches the cloaca. The cloacal plate 


(Cl.p.) is elongately heart-shaped in outline and its central portion is slightly 


depressed. 


Fig. 22. Dissection of an embryo I8 mm. in length, corresponding with normal plate series 
N02 2726: 


The plan of this dissection is the same as that shown in the preceding 
figure. The thyreoid (Th.) is now attached to the pharynx by a slender anterior 
stalk. The bulbus cordis (B.cor.) is somewhat dilated as compared with the 
same structure in the preceding figure and the ventricle is a little narrower and 
longer. The somewhat dilated atrium (Af.) is seen below the anterior edge of 
the ventricle. The right, left and median lobes of the liver are similar to those 
of the preceding dissection, and in this specimen also the right lobe is somewhat 
larger than the left. The vitelline duct is cut off somewhat closer to the intestine 


in this dissection than in the preceding one. The projecting ventral edge of the 


pancreas (Panc.) is again seen to the left of the vitelline duct. There are eleven 
turns of the spiral valve ($p.v.). Dorsally and to the right of the gut immediately 
behind the last turn of the spiral valve there projects a small pouch, the anlage of 
the digitiform or rectal gland (Dig.gl.). The cloacal plate (Cl.p.) is now bounded by 


a pair of rounded arches which meet in front but are separated posteriorly by a 


narrow cleft. Fig. 22. 


Fig. 23. Dissection of an embryo 21.0 mm. in length, corresponding to normal plate series 
N082702%06: 


In this embryo the lateral and ventral chambers of the nasal pits are sharply marked off, and 
the beginning of the canalis medialis (On.m.) of the lateral line system is just visable. The mouth is 
broadly oval in outline and slender gill filaments project from all of the gill slits. No attempt has been 
made to expose the thyreoid in this dissection. The heart is somewhat shorter and broader than in 


the preceding stages. The bulbus cordis (B.cor.) shows a marked bulging which is characteristic of 
9% 


| 


Fig. 24. 
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embryos from this time forward until they attain the length of over 30 mm. 
The atrium is completely obscured by the bulbus and ventricle (V.). The 
septum transversum (S.trans.) reaches completely across from side to side of 
the body cavity. The right and left lobes of the liver (L.) are now of almost 
equal size and extend posteriorly to the first turn of the spiral valve. The 
median or connecting lobe of the liver is somewhat broader than indicated 
in the figure, as it is obscured in part by the vitelline duct (D.vit.). Below 
and to the left of the vitelline duct is the ventral portion of the pancreas, 
which now lies in a notch in the left lobe of the liver, and which shows 


slight secondary lobulations. The spiral valve (Sp.v.) makes thirteen turns. The 


digitiform gland (Dig.gl.) is a prominent finger-like process extending forward - 


from the right side of the gut near its dorsal surface. Immediately behind 
the digitiform gland the intestine is somewhat constricted. The cloacal plate 
now appears as an oval depression bounded on either side by low rounded 


ridges. 


Dissection of an embryo 28 mm. in length corresponding with normal plate series 
N0.0292 %X6. 


In this embryo the nasal flaps are beginning to develop. The median, 
ethmoid and pre-oral canals (On.m., Cn.eth., On.pre.-0.) are visiable, and long 
gill filaments project from all of the gill slits. The heart is similar in shape 
to that of the preceding dissection. The lateral lobes of the liver now 
extend posteriorly to the third turn of the spiral valve, and the inequality 
in size which characterized these structures in the younger embryos is now 
absent. Anterior to the vitelline duct, which is turned somewhat backward 
in the dissection, is seen a small projection which extends posteriorly 
from the connecting median portion of the liver. Posteriorly and to the 
left of the vitelline duct is the duct and ventral lobe or head of the pancreas 
(Pane.). Fourteen turns of the spiral valve (Sp.v.) are present, the adult 
number now having been attained. The great diameter of the middle 
portion of the intestine as compared with its posterior and anterior extremities 
is noticeable in this embryo, and is characteristic of this and succeeding 
stages. The subintestinal vein (V.sub-int.) extends along the ventral surface 
of the intestine, slightly to the left of the median line. The digitiform 
gland (Dig.gl.) now arises far posterior to the last turn of the spiral valve. 
It is much elongated, and lies completely on the right side of the intestine. 
The cloacal plate (Ol.p.) which is seen in part in side view, differs but little 


from that seen in the preceding dissection. 


Fig. 25. Dissection of an embryo 34 mm. in length, corresponding to normal plate series No. 31. >26, 


In this embryo the lateral and mesial chambers of the nasal pits (N.p.) are almost separated externally 


by the nasal valves. There is a distinct ventral border to the rostral plate (R.pl.) and the ethmoid (On.eth.), 


er Zn 
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infra-orbital (On.inf.-or.), hyoid (On.hyo.), infra-rostral (On.inf.-ros.) and medial (Cn.m.) canals are present. Long 
gill filaments project from all of the gill slits. The heart shows a marked dilatation of the bulbus cordis 
(B.cor.) already mentioned as characteristic of embryos of about this stage. The lateral lobes of the 
liver (L.) are now enormously increased in size, and extend backward to the sixth turn of the spiral valve. 
A small tongue-like projection from the median lobe overlaps the right side of the base of the vitelline duct. 
The ventral lobe or head of the pancreas (Panc.) and the pancreatic duct are seen on the left side of the 
intestine above the first turn of the spiral valve. The spiral valve (Sp.v.) makes fourteen complete turns. As 
compared with the preceding embryo the greatly increased breadth of the intestine is noticeable. Between 


the last turns of the spiral valve and origin of the digitiform gland the intestine is much constricted. 


(See normal tables, p. 37.) Again behind the point of origin Rp. fee 
of the digitiform gland (.Dig.gl.) the intestine passes into a en 
constricted portion which in turn leads into the cloaca. 
The cloacal plate (Ol.p.) is lenticular in outline and is a 
bounded by rounded arches, the beginning of the claspers. a 
m.pre-0 
On.eth. 
Rp. Mo. 
Cn.inf.orb. Lp. 
On.pre-o Bro 
At. 
v. 
S.trans. 
37% 
Ton? 
Deren 
REN) 
V.subint. 


Fig. 25. Fig. 26. 


Fig. 26. Dissection of an embryo 37 mm. in length, corresponding to normal plate series No. 32. X 6. 


In this embryo nasal flaps are completely formed, and the lateral line system somewhat further 
developed than in the embryo of the preceding dissection. The labial pockets (L.p.) well established. The 
gill filaments are in about the same stage of development as in the preceding dissection. The pericardial 


cavity is now reduced in size as compared to the preceding dissection. The bulbus cordis (B.cor.) is 
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cylindrical, and is separated anteriorly from the ventricle by a slight constriction. Above the anterior 
portion of the ventricle and bulbus cordis is seen the dilated atrium (Ai.). The liver (L.) now extends 
posteriorly to the tenth turn of the spiral valve. The right and left lobes are of almost equal size, and 
the median mass which apparently arises from the left lobe is much increased in size as compared with 
the preceding dissection. The yolk stalk (Y.s.) lies in a notch between the median and the right lobe. 
In its cut end are seen in cross section the vitelline duct, the vitelline artery and the vitelline vein. The 
ventral lobe or head pancreas (Panc.) and the pancreatic duct have the same position as that occupied in 
preceding dissections. The sub-intestinal vein (V.sub-int.) forms a prominent ridge extending from the 
pancreas backward nearly to the last turn of the intestine. The intestine is decidedly constricted anterior 
to the digitiform gland. This is associated with changes in structure which are described in the tables on 
page 37. The digitiform gland (Dig.yl.) now lies posterior to the intestine. The cloacal plate (Cl.p.) is 
diamond-shaped in outline and bounded by a pair of low rounded folds. 


A comparison of the members of the normal plate series with some stages established 
by other authors. 


The literature of elasmobranch embryology contains a number of important contributions in which 
the embryonic period is considered as divided into a series of stages or phases. Broadly speaking these 
contributions may be separated into two classes. First, those containing descriptions of certain individual 
specimens which are considered as norms by which the position of other specimens, in relation to their 
development, may be determined. Such “norms” have generally received some symbol such as a letter or 
number, and this symbol also designates the stage they represent. A second class contains papers presenting 
divisions of the embryonic period based upon general characters of external form or internal structure. 
Any division into formal stages of a period of gradual change and differentiation is perhaps open to 
criticism as being arbitrary and artificial. The stages established by the method of the first class of con- 
tributions mentioned above have the advantage of precision. They are applicable however only to the 
species they represent or to closely related forms. In avoiding this disadvantage the stages presented in 
contributions of the second class are generally characterized in terms so general that the exact placing of 
any embryo is often very difficult. | 

Artificial as the device of formal stages may be it has proved sufficiently useful to become thoroughly 
incorporated in the literature of elasmobranch development, and it has been thought desirable to attempt 
to correlate the series of embryos described in the preceding pages with some of the well known series 
and stages of other authors. The results of this attempt are embodied in a general correlation table which 
is to be found on p. 72 of this paper. To make this table more intelligible there follow below brief reviews 
of the contributions which have been so tabulated. As the stages presented in the classic work of BALFOUR 
are so frequently referred to in elasmobranch work they are considered in some detail, and when an author 
has correlated his series with this well known one I have given the correlation in tabular form. 

In addition to these papers there are included in the table and the discussion several contributions 
in which no attempt is made to present formal stages but which contain descriptions of at least part of 


the anatomy and sometimes of the external appearance of series of elasmobranch embryos. Most of these 


papers deal with Squalus acanthias. 
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Although several series of elasmobranch embryos were figured and partially described!) prior to 
the Leypic’s contribution, with which this table begins, the data presented by them seemed toßmeager to 
admit of a correlation of value. The second part of Levoıc’s Beiträge zur mikroskopischen Anatomie und 
Entwicklungsgeschichte der Rochen und Haie?) (Table IX, column 2) contains an account of the egg and 
segmentation of Pristiurus and a description of a series of four embryos of Squalus acanthias of 7", 1", 2" and 3" 
respectively. The youngest embryo of the series is described in detail, the account including a description 
of the viscera, notochord, vascular system, brain and gill slits. A figure of this specimen seen as a transparent 
object is included in the plates. The external anatomy of the remaining members of the series is figured 
and there is a general account of the development of the notochord, gill slits, lateral line, urogenital system 
and skull. 

Hıs®) in 1876 (Table IX, column 3) published a careful study of a number of young embryos of 
Pristiurus and Seyllium. The series consists of twelve stages representing the development from a slight 
thickening of the posterior rim of the blastoderm to a period when only the middle two-fifths of the embryo 
is attached to the blastoderm and twenty-seven pairs of segments and three gill slits are present. Eight of the 
twelve stages are illustrated by excellent figures, the magnification of which is given in connection with the 
plate. A very complete set of measurements of the embryos after fixation is included in the paper. In a 
second contribution which appeared in 1894 Hıs has correlated this series of embryos with BALFOUR’s stages ®). 

The “stages” (Table VIII, column 4) established by BaLrour have become so incorporated in the 
literature of elasmobranch embryology that they are considered here in some detail. A section of BALFOUR’s 
work upon the embryology of elasmobranch fishes’) contains figures and descriptions of a series of 
some seventeen embryos, ranging in development from the segmented blastoderm to a stage when “the 
head resembles that of an adult fish”. These stages the author designated by a series of letters “A” to 
“O” inclusive, there being no stage “J”, and throughout the remainder of the work the statement of the 
“stage” is used to indicate the general state of development of the embryo. This series is made up of 
several species of elasmobranchs. Stages “A”, “B”, “C”, “D”, “E”, “F”, “H”, “T’ and “K” are represented 
by embryos of the sawfish Pristiurus; “G” by Torpedo; “L”, “M”, “N”, “O”, “P” and “Q” by the European 
dog fish Seyllium canicula. The mode of preparation of the figured specimens in also not always the same. 
The figure of stage ““B” represents a fresh unfixed blastoderm. “G”, “H” and “I” are figures of embryos 
“viewed as transparent objects” and also represent living specimens; the remaining figures are of embryos 
fixed in chronic acid. The figures of “A” to “F” inclusive are dorsal views; “G”, “H” and “I” are lateral 
views of transparent specimens; “K”, “L”, “N” and “O” are seen in lateral view, and the ventral surface 
of the head and pharyngeal region of each of these specimens is shown in a separate drawing on a larger 
scale. Only the head and pharyngeal region, as seen in lateral view, is figured for stages “M”, “P” and 
“Q”,. No scale of magnification is given in BALFOUR’s work, but a study of the figures shows that it has 


been changed at least three times in the course of the series. 


I) Among these may be mentioned: 
1834 Davy, J., Observations on the Torpedo. Trans. Roy. Phil. Soc. London, p 531—550. 
1867 WYMAn, S., Observations on Raia batis. Mem. Amer. Acad., Vol. 9, 1867, p. 31—44, I pl. 
1850 LEUCKART, R., Ueber die allmähliche Bildung der Körpergestalt bei den Rochen. Zeitschr. f. wiss. Zool., Bd. 2, p. 254—267, 
Taf. XIV. 
2) F. LEvDIG, Beiträge zur mikroskopischen Anatomie und Entwicklungsgeschichte der Rochen und Haie, 127 pp., 4 Taf., 
8°, Leipzig 1852. 
3) W. Hıs, Ueber die Bildung der Haifischembryonen. Zeitschr. f. Anat. u. Entw., Bd. 2, p. 108-124, Taf. VII. 
4) See review of this paper on p. 73. 
5) F. M. BALFOUR, The development of elasmobranch fishes. From B to G. Journ. Anat. and Phys., Vol. Io, p. 672, 
688, Plate XXIX. 
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Two considerable gaps occur in BALFOUR’s series as figured. The period between stage “F” with 
the medullary groove widely open anteriorly, the cephalic plate widely expanded, and the incisura neurentica 
still in evidence, and “G”, in which the medullary canal is completely closed and the neck bend well 
established, corresponds to the largest gap. Stages “I” and “K” (there is no “J”) are also far removed. In the 
former the relation on the antero-posterior diameter of the yolk stalk to the length of the embryo is as one 
to four. In the latter the same relation is as one to seven. During the period which has intervened between 
these two stages the entire contour of the body has changed. The head is much more flexed and is increased 
in size. BALrouR states that embryo “L” is nearly twice as long as “K”, but considers that part of this 
difference in length is due to the fact that they are embryos of different species and genera and that the 
embryos of Sceyllium, of which “L” is one, are larger in proportion to the stage of development than are 
those of Pristiurus, of which “K” is an example. Embryos “E” and “F” are considered by BALFOUR as 
representing one stage. ‘“E” appears a little abnormal in not having a cephalic region as distinctly 
marked off from the trunk as usual.’ The figures of BaLrour’s series have been at least three times 
republished!) and two sets of embryos matched to the younger members of BALFOUR’s series have been 
figured and described 2). 

KASTSCHENKO?°) (Table IX, column 5) in 1888 in a preliminary contribution on the early development 
of Selachians presented a classification of the “stages of development up to the time when the medullary 
canal is completely closed”. No figures are included but the duration in days of several of the stages as 
observed at the aquarium at Naples is given in some instances. KASTSCHENKO’S classification, together with 


his correlation of his stages with those of BALFOUR, is given below in tabular form. 


Table I. 


Tabulation of KASTSCHENKO’s stages of Pristiurus melanopus, Seyllium catulus, S. canieula, together with 
their duration in time and their correlation with the stages of BALFOUR. 


KASTSCHENKO’s stages 
. Duration of stages in days wo 
No. Title of stages 
A*) B C 

I Befruchtete, aber unsegmentierte Keimscheibe . . . . . = = — = 
u OberllächlichesSeo.mentation a 2 = _ _ 
ITS SietesSeomentatonee ne ren m, 4 3—4 — _ 
IV Stadium der von außen sichtbaren Segmentationshöhle . 6—7 To IT Te u 
V Rüsselförmige Keimscheibe. .u. 2.73... Km Ina 29% 2—3 4 4 A 
VI allSatteHörmigerKreimscheiper. u ac en reE 3—5 4 5 _ 
VI AllkanzettenförmigersEmbryor er 2, Lab 2 2 — B 
Vor KnopförmigertEmbryor 2 A 1—2 2 _ D 
IX 7 'Stadiumsder;Medullärplattes, 2 2 see I = — = 
x Stadium.den, Mednllareinne 2 m... en 3 — —_ —_ 
X] |Stadium des eben geschlossenen Medullarrohres . . . . 2—3 _ = _ 


*) A Pristiurus melanopus, B Seyllium eatulus, C Seyllium canicula. 


I) a) 1896, B. DEAN, Fishes, recent and fossil. Vol. II. Columbia University Biological Series, Figs. 216—228, 284—289. 
(A figure of a large foetus of Squalus acanthias has been added to the series.) — b) I9o2, F. KEIBEL, Die Entwicklung der äußeren 
Körperform der Wirbeltierembryonen in HERTwıGs Handbuch der vergl. u. exp. Entw. d. Wirbeltiere, Bd. ı, Teil 2, Fig. 5, 
p. 15—22. — c) 1902, H. E. ZIEGLER, Lehrbuch der vergleichenden Entwicklungsgeschichte der niederen Wirbeltiere, Fig. 72, 
p- I0o2—105. (Figures of stages “B, C, E, H, M, P, Q” omitted.) 

2) a) 1892, H. E. ZIEGLER und F. ZIEGLER, Beiträge zur Entwicklungsgeschichte von Torpedo. Arch. f. mikr. Anat., 
Bd. 39, p. 56—ı02, Taf. III—-IV. — b) 1894, W. Hıs, Sonderung und Charakteristik der Entwicklungsstufen junger Selachier- 
embryonen. Arch. f. Anat. u. Phys., Anat. Abt., p. 337—354, Taf. XXI 

3) 1888, N. KASTSCHENKO, Zur Entwicklungsgeschichte des Selachierembryos. Anat. Anz., Bd. 3, p. 445—467. 
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In 1892 H. E. ZıieGLER and F. ZiesLer!) published an account of a series of embryos of Torpedo 
ocellata selected to correspond with BaLrour’s stages “B”, “C”, “D”, “E”, “F”, “G”, “H” and an inter- 
mediate stage between “I” and “K”. (Table IX, column 6.) The well-known wax models of Torpedo 
from the atelier of F. ZIEGLER are based upon a careful study of fresh specimens and photomicrographs 
of “B”, “C”, “D”, “E—F” and “I-K” of this series. Besides photographic reproductions of these models the 
paper includes figures and descriptions of cross sections of the various stages. “H” and “I—K” are also 
figured as cleared specimens corresponding to BaLrour’s figures of these stages. From a comparison of 
BaLrour’s and ZIEGLER’s figures it would seem that the correlation is not a very exact one. “Stadium B” 
appears when compared with BaLrour’s plate to lie between “Stage B” and “Stage C”. ZIEGLER’S 
“Stadium C” likewise is farther advanced than BaLrour’s stage of that letter and probably lies between 
BALFoUR’s “C” and “D”. “Stadium D” is comparable to Barrour’s “E”, for the medullary folds are 
well raised both anteriorly and posteriorly. ZıEGLERr’s “F” is wholly unlike the embryo of the same 
letter figured by BaLrour, in which the cephalic plate is widely expanded and the caudal folds far 
separated. ZIEGLER’S figure is of an embryo with the anterior half of the medullary canal completely 
closed, the eye forming a prominent lateral swelling, one distinct gill pouch, and fifteen segments visible 
externally; it corresponds very well to BaLrour’s “G”, an embryo with seventeen segments. The author 
remarks that “F”, which is represented by an embryo of Pristiurus in BALFOUR’s series, is not well-marked 
in Torpedo. “Stadium G” is but little older than “Stadium F”, and probably should be placed between “G” 
and Hr, 

Hıs:) (Table IX, column 7, A and B) in 1894 contributed a second paper on the early development 
of elasmobranchs. He adopted BaLrour’s nomenclature of stages and gave a table, which is reproduced 


below, correlating the stages described in his earlier contribution with those established by BALFOUR. 


Tablke'Il. 


Tabulation of Hıs’ correlation of a series of embryos of Pristiurus and 
Seyllium with BALFOUR’s stages. 


Hıs’ series 
BALFOUR’s stages 
Embryo Length 
XXX 0,25 mm. A 
XXXVL O7 B 
xx IA 5, C 
I Se, D 
XXI 2 E—F 
XVII ZIODE, G 


Hıs also figures a series of nine embryos of Pristiurus, giving with them a table of measurements 
taken from the specimens when mounted in balsam. The general body development of the period 
covered by these stages is briefly described. In the normal plate correlation table this series has 
been placed under the sub-head “A” of the column given to this paper. Hıs’ table of measurements 
of the Pristiurus series and his correlation of its members with the BALFOUR series is given in the 


following table. 


ı) H. E. ZIEGLER and F. ZIEGLER, loc. cit. — ZIEGLER’s illustrations have been at least twice reproduced: 1902, 
F. KEIBEL, loc. cit. Fig. 6; 1902, H. E. ZIEGLER, loc. cit. Figs. 86, 88, 92, 97, 105. 

2) W. Hıs, Sonderung und Charakteristik der Entwicklungsstufen junger Selachierembryonen. Arch. f. Anat. u. Phys., 
Anat. Abt., p. 337—354, Taf. XXI, 18 figs. 
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Table III 


Tabulation of Hıs’ correlation of a series of Pristiurus embryos with BALFOUR’s stages 
and of a set of measurements of the former. 


Hıs’ series 
Bir Länge des Breite des Breite des Ban sen 
Hufeisens Hufeisens Vorderkopfes vorn gemessen 
I 0.4 mm. 0.55 mm. — u 
2 05, 05% — 0.25 mm. B 
3 8,7 05 (Ca = O28 =, 
4 OB Oran — 0280, 
5 RO 9.05, 5 0.62 mm. 0:28 055, C 
6 DET 0 G:0200,, _ h 
7 1.14 „ 0.33» 075 5 En ' D 
8 1.6 = OR O7, — 
9 280. 00%, oa O7 —_ E 


A second part of the same paper contains descriptions and reconstructions, plastic and graphic, 
of embryos corresponding to BALFOUR’s stages “C”, “D”, beginning of “E”, end of “E” and “F”. 
These have been placed under “B” in the column devoted to this paper in the normal plate table. 
The stages reconstructed by Hıs concur closely with those of BALFOUR bearing the same designation, 
with the exception of “F”. Of this he says: “Zur Stufe “F” rechne ich gleich den Gebr. ZIEGLER solche 
Embryonen, bei denen das Markrohr schon großenteils geschlossen ist... .” The embryo reconstructed is 
one of Seyllium canicula, of 13 or more segments, and seems to be more comparable with BaLrour’s “G”. 

EMMERT, in 1900!) (Table IX, column ı1), published an account of four young embryos of Torpedo 
marmorata. The anatomy of each specimen is briefly described and is illustrated by cross sections. In 
addition to the account of the general anatomy there is a more detailed description. The external 
appearance of the series is illustrated by photogravures of each specimen as seen from above. The 
author carefully correlates his specimens with the ZIEGLER’s modification of the BALFOUR series. This 


correlation is presented below in tabular form. 


Table IV. 


Tabulation of EMMERT’s correlation of his series of embryos of Torpedo marmorata 
with the “BALFOUR-ZIEGLER” stages. 


EMMERT’s series 
“BALFOUR-ZIEGLER” stages 
Stadium Length Number of segments 
I 2.3 mm. 10 D 
II E= 22 F 
DI 3.2 mm. 16 F—-G 
IV — — H 


Besides the LEypıc’s contribution, which has already been considered, four other papers dealing 
exclusively with Squalus acanthias have been tabulated. 
Locy’s preliminary paper?) upon the medullary plate and groove (Table IX, column 8), contains 


brief discussions of a number of the main characters of early embryos of Squalus. The period covered 


I) J- EMMERT (1900), Beiträge zur Entwicklungsgeschichte der Selachier, insbesondere nach Untersuchungen an jüngeren 
Embryonen von Torpedo marmorata. Arch. f. mikr. Anat., Bd. 56, p. 459—487, 38 figs., Taf. XX. 

2) W. A. Locy (1893), The formation of the medullary groove and some other features of embryonic development in 
elasmobranchs. Journ. Morph., Vol. 8, p. 367—378, pl. XIX, 
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is from a stage between BaLrour’s “A” and “B” to and including Barrour’s “F”. (N.P.S. No. 3 
to N.P.S. No. 15.) The development of the medullary plate and groove is illustrated in a series 
of external views and transverse sections. No measurements of the embryos or counts of segments 
are given. 

In Locy’s final contribution!) (Table IX, column 9) a section is given to the description of some 
32 embryos ranging from a stage between Barrour’s “B” and “C” to approximately Barrour’s stage ER 
(N.P.S. No. 4 to N.P.S. No. 25). While the central nervous system and its segmentation receives the most 
attention a number of the anatomical characters of the earlier stages are described. Drawings of series of 
transverse sections accompany the descriptions of the embryos illustrated in Figs. 8, 7, 23 and 27. The 
supplementary description is not continued in detail for embryos older than Barrour’s “F”, although 
occasional mention is made of the number of somites, and the condition of the nerves, otocyst and gill- 
slits. Locy does not follow BarLrour’s classification of stages except in the case of his youngest embryo, 
which is listed as comparable with stage “B”. 

NEAL2), in his study of the segmentation of the nervous system (Table IX, column 9), worked upon 
a large series of embryos of Squalus acanthias. While his paper is in the main a consideration of the 
neuromeres, primary encephalic vesicles, and nerves, there are also many observations upon the head and 
trunk somites, gill slits, etc., and a large series of illustrations. The first six figures are of the external 
form of young embryos of from four to eleven somites. Figs. 7 to 21 inclusive are of the pharyngeal and 
cephalic regions of cleared specimens showing the outline of the brain, cephalic nerves, head somites, and 
gill slits. The nineteen stages represented by these figures together with another stage, a somewhat 
diagrammatic reconstruction of which is given in Fig. 40, are listed in Table IX. NEAL correlated three 


of his stages with those of BALFOUR as is shown in the table below. 


Babile\v. 


Tabulation of NEAL’s correlation of certain of his specimens of Squalus 
acanthias with BALFOURF’s stages. 


NEAL’s specimens 
BALFOUR’s stages 
Fig. Number of segments 
13 | 28—30 Early H 
17 50 } x 
19 65 


A section of Jomnston’s paper®) (Table IX, column 14), upon the morphology of the fore-braın 
vesicle in vertebrates contains a description of this structure in Squalus and a series of four plastic 
reconstructions which illustrate, besides the fore-brain, the structure of the pharynx, nerves and head 


somites. These stages represented by these reconstructions are approximated with BarLrour’s stages as 


follows: 


ı) W. A. Locy (1895), Contribution to the structure and development of the vertebrate head. Journ. Morph., Vol. 11, 
p. 497—586, 4 pls. 

2) H. C. NEAL (1898), The segmentation of the nervous system in Squalus acanthias. Bull. Mus. comp. Zool, Harvard 
College, Vol. 31, p. 147—294, Pls. I-IX. 

3) J. B. JOHNSTON (1909), The morphology of the fore-brain vesicle in vertebrates. Journ. comp. Neur. Psych., Vol. 19, 


p- 457—539, 45 figs. 
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Table VI 


Tabulation of JOHNSTOnN’s correlation of a series of Squalus acanthias 
embryos with BALFOUR’s stages. 


JOHNSTON’s specimens 
BALFOUR’s stages 


Fig. Number of segments 


G 

16 H 
15—17 I 

18 late K 


Two comparatively recent works have appeared dealing with the embryology of the Chimaeroid fishes: 
SCHAUINSLAND’s on COallorhynchus and DEAN’s on Chimaera colliei. 

SCHAUINSLAND!) (Table IX, column 12) figures a series of embryos, two of which are inter- 
mediate between BaLrour’s “A” and “B”. The normal plate 2 and others corresponding roughly to 
BAaLFour’s “G”, “HA”, “I”, “K”, “L” and “O”. No description is given of the anatomy as a whole of 


this series but the gastrulation, and development of the skin, cranial nerves, teeth and extremities are 


considered. 

Dean’s?) (Table IX, column 13) paper on Chimaeroid fishes is to a large extent a description of 
the development of Chimaera colliei. The egg and eggenvelopes, fertilization, segmentation, and gastrulation, 
are described in detail, and the general features of stages corresponding to BALFoUR’s “D”, “E”, “F” and 
“G”, are described and illustrated by series of sections. Of the later stages, only notes on the skull, gill 
slits, and extremities, are given, although mention is made of the condition of the central nervous system, 
pronephros, eye and digestive tract. The contribution includes an extensive series of figures, — the most 
complete yet published of elasmobranch embryos, — from the unsegmented blastoderm to the adult fish. 
A number of the embryos figured are correlated by the author with BaLrour’s stages. This correlation is 


given below in tabular form. 


ee VAnE 


Tabulation of DEAn’s correlation of Chimaera colliei embryos with stages 
of BALFOUR’Ss series. 


DEAN’s specimens 
BALFOUR’s stages 


Figure Age in days 


34 B 
35 “Jate B” 
36, 40 
37, 41 
38, qIa, 4Ib 
42, 42a, 42b 
43, 432, 43b 
44 
45 
46 “Somewhat older than L” 
49 130 N 
50 180 12 


1) 1903, H. SCHAUINSLAND, Beiträge zur Entwickelungsgeschichte und Anatomie der Wirbeltiere, I. Zoologica, Bd. 39. 
2) 1906, B. DEAn, Chimaeroid fishes and their development. Carnegie Institution of Washington, Publ. No. 32, 194 pp- 
ıı pls., 144 figs. 
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In December of last year there appeared a paper by UnGARo!) in which is proposed a new set of 
subdivisions of the period of development preceding BaLrour’s “Stage L”. As indicated by their nomen- 
clature, these subdivisions are based in the main upon changes in structure and to only a slight extent 
upon external appearance. UnGAro’s work is based upon a study of Pristiurus melanostomus. FHlis correlation 
of the proposed subdivisions with the BaLrour stages (as modified by Hıs und the ZIEGLER’) is re- 


produced below. 
Table WII, 


Tabulation of UNGARO’s correlation of his proposed stages with those of BALFOUR 
(as modified by Hıs and the ZIEGLERS). 


UNGARO’s stages BALFOUR’s stages 
I Fase di segmentazione o 
preembrionale 
1° periodo — di gastrulazione 
h ’ propriamente detta A 
ABS Ha SRH Zone I, Ei IV. 
2° periodo — mesodermico B 
III Fase iniziale di organo- 
= C-D-E 
genesi (neuro-cordale) 
1° periodo — della formazione 
del canale neurenterico 
IV. Fase del pronefro o 2° periodo — di evoluzione 
branchiale del pronefro ER 
3° periodo — di involuzione 
del pronefro 


Description of general correlation table. 
(Table IX.) 


The general purpose of this table has already been described. The normal plate series and the 
series of the ten papers considered above have been arranged in vertical columns. A horizontal column 
has been assigned to each member of the normal plate series. The members of the other series have been 
arranged under their respective columns each in the space of the normal plate stage with which it seemed 
to best correspond. In some cases the symbol of stage is preceded by a bracket which includes two or 
more spaces of the normal plate stages. Such an arrangement indicates that the stage thus represented 
possesses characters common to the several inclosed normal plate members. Stages of other authors which 
apparently lie between two members of the normal plate series are placed in the line intervening between 
their spaces. A question mark follows the designation of those stages whose correlation seemed parti- 
cularly doubtful. 

In many cases the author has used some symbol, letters or figures, to designate his stages and these 
symbols have been employed in the table. When such was not the case, the number of the figure which 
illustrates the embryo in the original publication is used for this purpose. 

Besides the number of each stage there are included in separate columms under the normal plate 
heading the length, number of segments, and numbers of the embryos in the Harvard embryological col- 
lection. The number of somites in the last three instances has been determined from cleared specimens of 


the same stage and is therefore only approximate. 


I) 1910, V. UNGARO, Studi sullo sviluppo dei Selaci (Pristiurus melanostomus Bp.), Anat. Anz., Bd. 37, p. 636—644. 
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Abdominal Pores 

Anatomy — general and unclas- 
sified 

Blood 

Blood Vessels 

Breeding Habits 

Central Nervous System 

Coelom, including Mesentery and 
Septum transversum 

Connective and Supporting Tis- 
sues 

Cytology 

Digestive Tract — general and un- 
classified 

Digitiform Gland 

Ear 

Egg Envelopes 

Electrie Organ 

Embryology — general and un- 
classified 

Embryonice Appendages (Yolk- 


Normal Plates of the Development of Squalus acanthias. 


Literature. 


Subject Headings. 


Sack — Yolk-Stalk — Rudi- 
mentary Amnion) 

Epiphysis and Paraphysis 

Eye and Optic Nerve 

Fertilization 

Fins — general and unclassified 

Fins — paired 

Fins — unpaired 

Gastrulation and Germ Layers 

General and unclassified Titles 

Genital Gland and Germ Oells 

Gestation 

Gills 

Gill Arches, Gill Olefts, Gill 
Pouches 

Head — Segmentation of Head 

Head Somites. (See also Eye- 
muscles under Muscle.) 

Heart 

Hypophysis 

Integument, including Scales 


Interrenal and Supra-renal Organs 

Intestine, including Spiral Valve 

Lateral Line System 

Liver and Gall Bladder 

Luminous Organs 

Lymphaties and Lymphoid Tissue 

Mouth 

Muscle — striated and unstriated 

Nerve Oells 

Nerve Endings 

Nerves Cranial 

Nerves Spinal 

Nervous System — general and 
unclassified 

Nose 

Notochord and Subnotochordal 
Rod 

Oesophagus 

Ovum and Oögenesis 

Palaeontology 

Pancreas 


Abdominal Pores. 
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Segmentation of Ovum 

Sense Organs — general 

Skull and Axial and Branchial 
Skeleton 

Spermatozoa and Spermato- 
genesis 

Spleen 

Stomach 

Swim Bladder 

Sympathetic 

Systematic Works 

Teeth 

Teratology 

Thymus — Thyreoid — Supra- 
pericardial Body 

Urogenital System — general 
and unclassified — including 
Cloaca 

Urogenital System — Female 

Urogenital System — Male 

Variation. 


1898 Biuxs, E. J., The correlated distribution of the abdominal pores and nephrostomes in fishes. Journ. Anat. and 
Phys., Vol. 32, p. 484 —512. 


1898 Bwes, E. J., On openings in the wall of the body cavity of vertebrates. 
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Journ. Anat. and Phys., Vol. 14, p. 81—100, 1 pl. 
Morph. Jahrb., Bd. 10, p. 462 —464. 


1897 Scuneiver, G., Ueber die Niere und die Abdominalporen von Squatina angelus. Anat. Anz, Bd. 13, p. 393—401. 


1828 VroLık, G., Anatomisch-physiologische Bemerkung über den Hai (Squalus). 


p. 489—513. 


Zeitschr. f. organ. Phys. Bd. 2, 


1887 Wneer, M., Die Abdominalporen der Salmoniden nebst Bemerkungen über die Geschlechtsorgane der Fische. 
Morph. Jahrb., Bd. 12, p. 866-406, Taf. 21. 


1898 Byaxz, L. W., On the general anatomy of Chimaera. 
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— 308, 2 tav. 


Anatomy — general and unclassified. 


Prelim. notice. Proc. Zool. Soc. London. 
1885 Cauperwoop, (Notes on the anatomy and external characters of Laemargus microcephalus.) Rep. Fish. Board 
Scotland, 1885, p. 228—231, pl. 10. 
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1685 Coruıns, A systeme of anatomy, treating of the body of man, beasts, birds, fish, insects and plants. London. 
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1857 Costa, O. G., Sopra talune specialit& anatomiche e fisiologiche de’pesci selacini o plagiostomi. Il Giambattista 
Vico., Vol. 2, p. 409—437; Supplemento, Vol. 3, p. 113—115. 
1899 Cunnınamam, R. O., On a few points in the structure of Laporpr’s shark (Euprotomierus labordii). Proc. Zool. 
Soc., 1899, p. 732— 734. 
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1902 I 
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Salvi, G. 1907 Blood Vessels. 

Salvianus, H. 1554 Lateral Line. 

Samassa, P. 1895 Germ Layers. 

Sanctis, X.1873 Electrical Organs. 

Sander, J. 1867 Brain. 

Sanders, A. 

1882 Brain. 

ES 
Sanfelice, F. 

1888 Spermatogenesis. 

1889 Blood. 

1889 Digitiform Gland. 

1890 Blood. 

Sappey, P. C. 

1874—85 Lymphatics. 

1880 Lymphatics. 

Sargent, P. E. 

1900 Brain. 

1901 

1903 , 

1904 , 

Sasse, H. F. A. 1886 Hypophysis. 

Sauerbeck, E. 1896 Brain. 

Sauvage, H. E. 1889 Embryology, 
general. 

Savi, P. 1844 Electrical Organs. 

Scarpa, A. 

1789 Ear. 

1789 Nose. 

Schacherl, M. 1902 Spinal Chord. 

Schaffer, J. 1901 Supporting Tis- 
sue. 

Schaper, A, 

1898 Brain, 

1899 Eye, 

Schauinsland, H. 

1901 Embryology, general. 

1903 General Embryology — 

Teeth — Skull — Brain — 
Cranial Nerves — Paired 
Fins. 

Schenk, S. L. 

1874 Eeg. 

1874 Embryonie Appendages. 

1875 Gills, Filaments. 

1876 Brain. 

1879 Embryology, general. 
Schiefferdecker, P. 1886 Eye. 
Schmidt, A. H. 1898 Ovum. 
Schnaudigel, O. A. F, 1906 Nerve 

Cells — Eye, 

Schneider, A. 

1887 Skeletal Muscle. 

1890 “ 

Schneider, G. 1897 Abdominal 
Pores — Urogenital System, 
general. 

Schneider, J. G. 1788 General. 

Schoenichen, W. 1900 Teeth, 


Schoenlein, C., and Willem, V. 

1895 Blood. 

Schreiner, A. and K. E. 1906 

Spermatogenesis. 

Schultz, A. 

1874 General. 

1875 Embryology, general. 

1876 Germ Layers. 

IK 2 
Schultze, M. 8. 

1858 Electrical Organs. 

1859 ” » 

159  „ 

1862 Nose. 
Schultze. 1817 Axial Skeleton. 
Schwalbe, G.1879CephalicNerves. 
Schwarz, D. 1889 Germ Layers. 
Sedgwick, A. 

1892 Mouth — Nose — Sym- 

pathetic. 

1894 Nerves, Cephalic. 
Semon,R.1891 Urogenital System, 
“ general. 

Semper, C. 

1874 Urogenit. System, general. 

1875 nn 

1875 5; 

1875 ” 

Sewertzoff, A. 

1895 Segmentation, Head. 

1897 Skull. 

1898 Segmentation, Head. 

1898 " in 

1899 Skull — Segmentation, 

Head. 

Shearer, ©. 1898 Eye. 

Sheldon, R. E.1911 Sense Organs, 
general — Nose. 

Shore, T. W.1889 Cephalic Nerves. 

Sidoriak, S. 1898 Ear. 

Siebold and Stannius. 1854 Gene- 
ral. 

Sihleanu, St. S. 1876 Electrical 

Organs. 

Smallwood, W. M. 1908 Eye. 
Smith, A. 1837 Systematic. 
Sobotta, J. 1897 Segmentation. 
Solger, B. 

1876 Skeleton. 

1880 Lateral Line. 

18800 „ „ 

1889 Brain. 

I Er; 

1902 Nerve Cells. 

Spengel, J. W. 
1904 Gill Slits. 
1905 Teeth. 

Stannius, H. 

1839 General Anatomy — Thy- 

mus. 

1840 Male Urogenital. 

1846 Pancreas. 

1849 Nerves, general. 

Stark, J. 

1844 Axial Skeleton. 


1845 Electrical Organs. 
Starks, E. C. 1901 Skeleton. 


Straub, W. 1901 Heart. 
Stead, D. G. 1906 Embryology, 
general, 


” 


” 
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Steenstra-Toussaint, A. J. D. 
1839 Urogenital System, gene- 
ral. 
1839 Urogenital System, gene- 
ral. 
1839 General. 
1843 Digestive Tract. 
Steenstrup, J. 
1861 General. 
1874 Gills. 
Steiner, J. 
1886 Brain — Ear. 
1900255; 
Steinhart, O. 1903 Scales. 
Stenosis, N. 
1664 Lateral Line, 
1664 ” „ 
1669 ” 2) 
Stephan, P. 
1902 Male Urogenital. 
1902 Spermatogenesis. 
1902 Male Urogenital. 
1903 Spermatogenesis. 
1903 ” 
Sterzi, G. 1909 Brain — Spinal 
Cord. 
Stewart, C. 
1906 Ear. 
19008, 
Stieda, L. 
1872 Brain. 
1873 Chord. 
1873 Brain. 
Stirling, W. 
1885 Digestive Traet. 
1891 Skeletal Muscle. 
Stöhr, P. 
1876 Heart. 
ar ug 
Straub, W. 1901 Heart. 
Stricht, O. Van der. 1896 Blood 
— Blood Vessels. 
Stromer, R. E. 
1903 Paleontology. 
1904 j 
1904 
Strong, O. 8. 
1894 Cephalic Nerves. 
1903 nn 
Studnicka, F. K. 
1893 Epiphysis. 
1894 Brain. 
1895 Epiphysis. 
1895—96 Brain. 
1897 Notochord. 
1898 Eye — Optic Nerves. 
1899 Brain. 
1899 Nervous System, general. 
1900 5 „ 
1900 Epiphysis. 
1901 Nerve Cells and Noto- 
cord. 
1902 Oytology. 
1902 Notocord. 
1902 Mouth. 
1902 Oytology (No. 2). 
1902 Nerve Cells. 
1903 Notocord. 
1904 Supporting Tissue. 
1906 Teeth, 


” 


” 


” 
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1907 Teeth. 

1909 Integumenf. 

1909 Teeth. 

Sullivan, M. X. 1907 Digestive 

Tract. 

Sund, ©. 

1904 Nose. 

1905 Sense Organs. 

Suzuki, B. 1898 Spermatogenesis. 
Swaen, A. 

1883 Spermatogenesis. 

1885 Blood. 

1887 Embryology, general. 
Swan, J. 1835 Nervous System. 
Swenander, G. 1907 Embryology, 

general. 

Szezawinska, W. 1898 Nervous 

System, general. 


T, 


Tagliani, G. 1905 Chord. 
Tatham, W. 1803 General. 
Thacher, J. 1576 Fins, general. 
Thompson, A. 

1830—831 Blood Vessels. 

1833 Blood Vessels. 

1846 Ovum. 
Thompson, W. 1844 Egg. 
Tiesing, B. 1895 Skeletal Muscle. 
Tilesius, T. v. 1802 Egg. 
Todaro, F. 

1871 Lateral Line. 

1872 Sense Organs. 

1873 ”„ 2) 
Todd, J. T. 1816 Electrie Organs. 
Tomes, C. 8. 

1876 Teeth. 

1898, 
Traquave, R. H. 

1888 Paleontology. 

1892 Teratology. 

1894 Paleontology. 
Treviranus, G. R. 

1805 Skeleton. 

1820 Sense Organs — Nerves — 

Brain. 

Tricht, B. van. 1907 Fins, general. 
Trinchese, S. 1885 Nerve Endings. 
Trois, E. F. 

1866—67 Female Urogenital. 

1875—76 is 

1878—79 Blood Vessels. 

1883 Spermatogenesis. 
Tullberg, T. 1903 Ear. 
Tur, J. 1906 Embryology, general. 
Turner, W. 

1873 General Anatomy. 

1874 ;, 

1875 r 

1875 Gills. 

1878 Female Urogenital. 

1879 Abdominal Pores. 

1880 Gills. 


U. 


Ungaro, V. 1910 General Em- 
bryology. 


” 


„ 
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Ussoff, S. A. 1906 Axial Skele- 
ton. 


Vz 
Vaillant, L. 
1877 Egg. 
1884 ,„ 
1888 Embryology, general. 
1904 Skeleton — Systematic. 
1908 Teratology. 
Valenti, G. 
1891 Nerve Cells. 
1893 
1894 » ” 
Valentin, G. 1842 Brain. 
v. la Valette-St. George. 1878 
Spermatogenesis. 
Vaussiere, A. Ovum. 
Vauquelin, L. N. 1795 Liver. 
Verdun, P. 1898 Thymus — 
Thyreoid. 
Vetter, B. 
1874 Skeletal Muscle. 
1878 „ „ 
Vialleton, L. 
1902 Nervous System, general 
— Lymphatics. 
1902 Lymphatics. 
1903 5 
1906 Gill Slits. 
1907 Blood Vessels — Thymus. 
1908 General Embryology — 
Thymus. 
Viault, F. 1876 Brain. 
Vieg d’Azyr. 
1776 Brain. 
1805 Eye. 
Vignal, W. 
1880 Ganglia. 
1881 Heart. 
1883 Heart — Nervous System, 
general. 
Vincent, S. 
1896 Suprarenal. 
1897 % 
1897 Suprarenal — Urogenital, 
general. 
1898 Suprarenal. 
1898 a5 
Vincenzo, ©. G. 1884 Nerves. 
Virchow, H. 
1881 Eye. 
1885 General Embryology. 
1889 Gill Slits. 
1889 Blood Vessels. 
1889 ,, 
te) 
1890 ” ” 
1890 „ „ 
1893 Gills — Blood Vessels. 
1895 Blood Vessels. 
1897 Blood Vessels — Embryo- 
nic Appendages. 
1897 Cytology. 
1897 Yolk Sack. 
1898 Blood Vessels. 


” ”„ 


1898 Germ Layers. 
Vogt, ©., and Pappenheim. 

1859 Urogenital, general. 
Vrolik, G. 1828 General Anatomy. 


Ww. 
Waalewijn, H. W. 1872 Intestine. 
Wagner, R. 1847 Electric Organs. 
Wahlgren, F. 1852 Nervous 
System. 


| Waite, E. R. 


1896 Egg and Egg Envelopes. 
1902 Embryology, general. 
1902 General. 
1906 5 
1906 Breeding Habits. 
Wallace, W. 1903 Ova. 
Wallenberg, A. 1907 Brain. 
Walsh, J. 
1773 Electrical Organs. 
1774 General. 
Watney, H. 1882 Thymus. 
Watson, W. 1778 General. 
Weber, A. 1908 Heart. 
Weber, E. H. 
1817 Lymphatics. 
1820 Bar. 
Weber, M. 1887 Abdominal Pores. 
Weinland, E. 1901 Stomach. 
Weldon, W. F. R. 
1885 Suprarenals. 
1885 5 
Werner, F. 1892 Integument. 
Weyl, T. 1882 Electric Organ. 
White, P. J. 
1890 Skeleton. 
1893 
1895 
1895 
1896 ” 
Widakowich, V. 
1905 Gestation. 
1907 ” 
1907 Female, Urogenital. 
1908 Ovum — Blood Vessels. 
1908 Female, Urogenital. 
Wiedersheim, R. 
1883 General Anatomy. 
1893 
1898 
1902 R 
Wijhe, J. W. van. 
1882 Cephalic Nerves — Head 
Cavities — Segmentation, 
Head. 
1886 Segmentation, Head. 
1886 Urogenit. System, general. 
1888 3 
1888 ” ” ” 
1889 Segmentation, Head. 
1898 Urogenital, general. 
1904 Skeleton. 
1899 Urogenit. System, general 
— General — Mesoderm. 
Wikström, D. A. 1897 Skeletal 
Muscle — Spinal Nerves. 
Wilder, B. C. 


» ”„ 
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1876 Brain. 
1876 
1877 
1898 
0 
1907 General. 
1908 Brain. 
Wils, H. B. 1844 Anatomy, gene- 
ral. 
Woit, O. 1898 Spleen.- 
Wolff, W. 1884 Electrical Organs. 
Wood-Mason, J. 1892 Gestation. 
Wood-Mason, J., and Aleock, A. 
1891 Gestation. 
Woods, F. A. 
1902 Germ Cells. 
102; en 
Woodward, A. 8. 
1884 Paleontology. 
1886 Skeleton. 
1887 Paleontology. 
1888 5 
1892 Skeleton. 
1892 Teeth. 
1892 Fins. 
1893 Teeth. 
1895 Paleontology. 
1898 ” 
1899 General. 
Wortman, J. S. 1886 Teeth. 
Wunderer, H. 1908 Nerve En- 
dings. 
Wyman, J. 
1854 Electrical Organs. 
1855 Embryology, general. 
1859 Electrical Organs. 
1864 Embryology, general. 


Y. 


Yung, E. 
1895 Digestive Tract. 
1898 ” ” 
1898 Digestive Tract — Pan- 
creas. 
1899 Digestive Tract. 
189 „ „ 


2. 


Zdarek, E. 1904 Egg. 
Ziegler, H. E. 
1888 Germ Layers. 
1892 Blood. 
1894 Embryology, general. 
1902 ” ” 
1907 Skeleton. 
1908 Cephalic Nerves — Hypo- 
physis. 
1908 Fins. 
1908 Segmentation of Head. 
Ziegler, H. E. and F. 1892 Gas- 
trulation — Embryology, gene- 
ral — Mesoderm. 
Ziegenhagen, P. 1895 Eye. 
Zouiew, B. 1789 Embryology, 
general. 
Zuckerkandl, E. 1906 Suprarenal. 
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Normentafeln 2. Entwicklune 


Verlag von &ustav Fischer in Jena. 


£ ‘ : Von 0. Abel. Mit 3 Tafeln und 
Die Rekonstruktion des Diplodocus. 5 "Textfiguren. (Abhandlungen der 


k.k. Zool.-botan. Gesellschaft in Wien. Band V, Heft 3.) 1910. Preis: 2 Mark 40 Pf, 


9 Studies in the Comparative Anatomy of the Organs of 

The Elephant’s Head. the Head of the en Elephant a other Mammals. 

By J. E. V. Boas, und Simon Paulli. First Part: The Faeial Museles and the 

Proboseis. With seventeen plates in colours. Gross-Folio. 1908. Der Preis dieses 
ersten Teiles, der ein abgeschlossenes Ganzes bildet, beträgt 100 Mark. 


. s Von Prof. Dr. Freih. Gustav von Düben. Herausgegeben 
Crania Lapponica. von Prof. Dr. C. 6. Santesson. Mit einem Vorwort von 
Prof. Dr. 6. Retzius. 1911. Preis: 30 Mark. 


Ein posthumes, vom Verfasser nicht vollendetes Werk erscheint hier mehrere 
Jahre nach seinem Tode, weil die Herausgabe infolge des hervorragenden Wertes 
dieser Veröffentlichung sich empfiehlt. Es enthält 22 große Foliotafeln in Stein- 
druck mıt Abbildungen von Lappenschädeln in natürlicher Größe, nebst kurzem Text 
in englischer Sprache und Tabellen von Messungen an denselben Schädeln. 

Von diesem Werke, dessen Tafeln schon vor etwa drei Dezennien gedruckt 
wurden, konnte nur eine beschränkte Anzahl unbeschädigter Exemplare hergestellt 
werden. Da die Originalschädel bei einer Feuersbrunst ım anatomischen Museum 
des Carolinischen Instituts zu Stockholm fast alle zerstört worden sind, so ist hier 
ein seltenes, ja unwiederbringliches Material wenigstens in wissenschaftlich genauer 
bildlicher Wiedergabe erhalten geblieben. Bei dem hohen anthropologisch-ana- 
tomischen und ethnographischen Interesse, welches dem eigentümlichen Lappenvolk 
mit Recht entgegengebracht wird, werden daher diese Tafeln von den Anatomen, 
Anthropologen, Ethnographen, Historikern und Zoologen wegen ihres hohen Wertes 
geschätzt werden. 

Die Tafeln mit dem Text werden nun, soweit sie hinreichen, zu einem Preis 
von 30 Mark angeboten. 


„ in den freien Gliedmassen der Wirbeltiere. 
Der Aufbau der Skeletteile Untersuchungen an urodelen Amphibien. Von 


Dr. H. von Eggeling, a. o. Professor und Prosektor an der anatom. Anstalt der 
Universität Jena. Mit 4 lithographischen Tafeln, 147 Figuren im Texte. 1911. 
Preis: 16 Mark, 
Die Kenntnis von einzelnen Punkten aus der allgemeinen Lehre vom Aufbau 
der knöchernen Skeletteile ist eine ungenügende und auch in der umfangreichen 
Literatur ist noch keine ausreichende Belehrung darüber zu finden. Dies veranlaßte 
die jetzt vorliegenden Untersuchungen, die bei den Urodelen begonnen wurden. 
Hier bereits ergaben sich so wichtige Aufklärungen bezüglich der aufgestellten 
kragen, daß der Verfasser es als berechtigt ansehen durfte, die gewonnenen Ergeb- 
nisse in selbständiger Form vorzulegen. Von einer beabsichtigten Ausdehnung der 
Untersuchungen auch auf die einzelnen Gruppen der höheren Wirbeltiere sind noch 
mancherlei interessante Ergebnisse für diese Fragestellung zu erwarten. Zoologen 
und Anatomen werden deshalb mit besonderem Interesse‘ diese Veröffentlichung 
aufnehmen. 


Beiträge zur Naturgeschichte des Menschen. Yo” 77. Hans Triedenthal, 
1. Lieferung: Das Wollhaarkleid des Menschen. Mit 7 farbigen und 3 schwarzen 
Tafeln. 1908. Preis: 10 Mark. 
2. Lieferung: Das Dauerhaarkleid des Menschen. Mit 6 farbigen und 7 schwarzen 
Tafeln. 1909. Preis: 20 Mark. 


3. Lieferung: Gesehlechts- und Rassenunterschiede der Behaarung, Haaranomalien 

und Haarparasiten. Mit 9 farbigen und 4 schwarzen Tafeln. 1909. 

Preis: 20 Mark. 

. Lieferung: Entwieklung, Bau und Entstehung der Haare. Literatur über Be- 
haarung. Atlas von Menschenhaaren in 7 farbigen Tafeln. 1909. Preis: 15 Mark. 

Lieferung 1 bis 4 in einen Band gebunden. Preis: 70 Mark. 

. Lieferung: Sonderformen der menschlichen Leibesbildung. Ein Beitrag zur 
vergleichenden Formenlehre der menschlichen Gestalt. Mit 9 farbigen und 
schwarzen Tafeln und zahlreichen Textabbildungen. 1910. Preis: 35 Mark. 

Dlustrierter Prospekt kostenfrei. 

In einem prachtvoll gedruckten und so herrlich ausgestatteten Werke, wie 
es den besten wissenschaftlichen Publikationen sonst nicht beschieden ist, bietet Herr 
Friedenthal uns seine physiologischen Gedanken über die Stellung des Menschen 
als Lebewesen dar. 

Pinkus in der Naturw. Rundschau (verschiedene Nummern). 


P P Eine morphologische und 
Bau und Entstehung der Wirbeltiergelenke. Nistogenetische Untersuch- 
ung von Dr. med. Wilh. Lubosch, a. o. Prof. d. Anatomie a. d. Universität Jena. 
Mit 230 Abbildungen im Text und 10 lithogr. Tafeln. 1910. Preis: 27 Mark. 


Anatom. Anzeiger Bd. 38, Nr. 2/3 vom 10. Januar 1911: 

... Das Werk ist sehr klar und fließend geschrieben und mit zahlreichen schönen 
Abbildungen im Text und prachtvollen farbigen Tafeln glänzend ausgestattet. Die 
gesamte Literatur ist in umfassender Weise umsichtig und kritisch verarbeitet. 
... Man kann es eher als einen Nutzen des vorliegenden außerordentlich fleißigen 
und gewissenhaften Werkes betrachten, daß durch dasselbe klarer gezeigt wird, wo und 
wie die entwicklungsmechanische Forschung auf dem Gebiete der Gelenkbildung 
einzusetzen hat, und wie viel da noch zu tun übrig bleibt. Strasser. 


Vergleichende Anatomie des menschlichen Gebisses und der Zähne 


Von Dr. Paul de Terra, vorm. Zahnarzt in Zürich. Mit 
der Vertebraten. >00 Textabbildungen. 1911. Preis: 12 Mark, geb. 13 Mark. 


Anatom. Anzeiger Bd. 38, Nr. 12/13 vom 17. Februar 1911: 

Verf., früher Zahnarzt in Zürich, füllt eine in der deutschen odontologischen 
Literatur seit langem empfundene Lücke aus, indem er eine umfassende Darstellung 
des Zahnsystems der Wirbeltiere auf phylogenetischer Basis gibt. Angesichts der 
zahlreichen, noch strittigen Fragen auf diesem Gebiete ist es schwierig, schon heute 
ein eigentliches Lehrbuch zu schreiben. Trotzdem hat der Verf. versucht, eine 
zusammenhängende und übersichtliche Darstellung der neueren und neuesten 
Forschungsergebnisse zu liefern. Dieser Versuch ist als ein wohlgelungener zu 
bezeichnen. 


® 


Verlag von @ustav Fischer in Jena. 


Eine historisch-kritische 


System der Biologie in Forschung und Lehre. studie. Von Dr. phil. 
S. Tschulok, Zürich. 1910. Preis: 9 Mark. 


Inhaltsübersicht: I. Die, Entwicklung. der. Anschauungen - ‚über ‚Auf- 
gabe- und System der Botanik und: Zoologie, vom-16. Jahrhundert bis 1869. 
1: Die: Botanik bis 1732. — 2. Die ‘Botanik von 1732 bis 1813. — 3. Das System 
A. P.:De Candolle (1813—1842). — 4. M. J. Schleiden. — 5. Die zoologischen Systeme 
bis 1866. .— +6. E. Häckels System der Biologie (1866-69). — II. Versuch. eines 
neuen. Systems der biologischen Wissenschaften. 7. Verschiedene Arten die Biologie 
zu klassifizieren. — 8. Einteilung‘ der Biologie: nach, der Forschungsmethode. — 
9. Einteilung der Biologie in Biotaxie und-Biophysik. — 10.-Die sieben materiellen 
Gesichtspunkte der biologischen Forschung. — 11. Allgemeine und spezielle Botanik, 
resp. Zoologie. — 12. Zusammenfassung. Einwände. — 13. Kritik einiger Systeme 
der Biologie (aus der Zeit von 1853—1907). — IIl.. Die Auffassung vom System 
der Biologie in den. modernen Lehrbüchern. .14. Die modernen Lehrbücher der 
Botanik. — 15. Der Begriff der „Biologie im engeren Sinne“. — 16. Einige zoolo- 
eische Lehrbücher. — Anmerkungen und Zusätze. 


Von ‚Professor Dr. Ernst Haeckel ist erschienen: 
Metagenesis und Hypogenesis von Aurelia Aut. "nen 


Entwicklungs- 
geschichte und zur Teratologie der Medusen. Mit 2 Tafeln. 1881. Preis: 5 Mark 50 Pf. 


P Vergleichende Untersuchungen über die Bedeutung und Zu- 
Plankton-Studien. sammensetzung der Pelagischen Fauna und Flora: 1890. 


Preis: 2 Mark. (Vergriffen.) 


. ® s Zweites Heft. Studien zur’ Gastraea-Theorie. Mit 
Biologische Studien. 14 Tatein. 1877. Preis:12 Mark. 


(Das erste Heft erschien bei W. Engelmann, Leipzig.) 


Erster Teil einer Monographie der 
Das System der Medusen. Medusen. Mit einem Atlas von 40 Tafeln. 


1880. Preis: 120 Mark. 


P Zweiter Teil. Erste Hälfte: Die Tiefsee- 
Monographie der Medusen. Medusen der Challenger-Reise. Zweite Hälfte: 
Der Organismus der Medusen. Mit einem Atlas von 32 Tafeln und mit 8 Holz- 
schnitten. 1881. Preis: 45 Mark. 


P auf phylogenetischer Grundlage entworfen. (Sep.- 
System der Siphonophoren Abdr. a. d. Jenaischen Zeitschrift f. Naturwissensch.. 


XXIL. Bd.) 1988. Bes Mar ale: 
Ursprung und Entwicklung der tierischen Gewebe. I", Mstoganetischer 


Beitrag zur ‚Gastraea- 
Theorie. (Sep.-Abdr. a. d. Jenaischen Zeitschrift f. Naturwissenschaft, Bd, XVII. 
N. F. XI. Bd.) 1884. Preis: 2 Mark. 


P P en: während des 19. Jahrhunderts. Vortrag, gehalten 
Ueber die Biologie in Jena in der Sitzung der Medizinisch-Naturwissenschaft- 


lichen Gesellschaft am 17. Juni 1904. (Sep.-Abdr. a. d. Jenaischen Zeitschrift £. 
Naturwissenschaft, Bd. XXXIX, N. F. Bd. XXXIL) 1905. Preis: 50 Pf. 


P Festrede zur Uebergabe des phyletischen 
Alte und neue Naturgeschichte. Museums an die Universität Jena bei Ge- 


legenheit ihres 350jährigen Jubiläums am 30. Juli 1908, Preis: 60 Pf. 
Kritische Studien über phile- 


Unsere Ahnenreihe (Progonotaxis Hominis). sche Anthropologie. 


Festschrift zur 350jährigen Jubelfeier der Thüringer Universität Jena und der ° 
damit verbundenen Uebergabe des phyletischen Museums am 30. Juli 1908. Mit 
6 Tafeln. Preis: 7 Mark. 


Festschrift zum 70. Geburtstage von Ernst Haeckel. !r@ussegeben 


von seinen 
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